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20 PURPOSE AND SCOPE

This standard operating procedure (SOP) is part of the Rocky Flats Environmental Restoration
(ER) Program Sampling Analysis Plan (SAP). The SAP includes the Quality Assurance Project
Plan (QAP;jP) and SOPs, which are program-wide documents that are not project-specific. These
program-wide documents have been reviewed and approved by the Environmental Protection
Agency (EPA) and the Colorado Department of Health (CDH) for ER activities at Rocky Flats.

Project-specific requirements are described in individual project work plans that include a Field
Sampling Plan (FSP). The FSP will include or reference the applicable program SOPs.
Procedural details not covered by the program-wide SOPs will be provided in SOP addenda
(SOPAs). In general, an SOPA will conform with the original SOP but will be project-specific.
The SOPAs will be an attachment to the FSP and must accompany the FSP and SOPs during field

operations.

The project-specific SOPAs, if required, will be prepared by the subcontractor designated to

prepare the work plans.

Over the period of the last few years, it has become apparent that a standardized procedure is
needed for logging alluvial and bedrock material. This need has arisen because each
subcontractor has slightly different procedures and criteria for logging borehole material.
Beginning in 1991, all subcontractors will use the procedures that are covered in this SOP.

By applying these techniqués and procedures, it will be possible to standardize the logging of
alluvial and bedrock materials. In addition, the number of errors and the amount of relogging
will be reduced. This will allow lithologic descriptions to be compared from year to year and will
enable the environmental restoration staff on the Rocky Flats Plant (RFP) site to make
interpretations based on reliable data.
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3.0

On the RFP site, "alluvial material" includes alluvium, colluvium, fill, and agronomic soils.
Samples of alluvium, colluvium, fill, and agronomic soils are to be classified and described using

. the Unified Soil Classification System (U.S.C.S.) and enhanced by Item 10.1 in ASTM D2488,

"Description and Identification of Soils (Visual-Manual Procedure).” Bedrock material, regardless
of the degree of weathering, is to be classified and described by using many of the procedures and
techniques described in Compton’s "Manual of Field Geology" (1962) and additional material
covered in this SOP.

RESPONSIBILITIES AND QUALIFICATIONS

The EG&G project manager has the overall responsibility for implementing this SOP. The
subcontractor’s project manager will be responsible for assigning project staff to implement this
SOP and for ensuring that the procedures are followed by all subcontractor personnel.

All personnel performing these procedures are required to have the appropriate health and safety
training as specified in the site-specific Health & Safety Plan. In addition, all personnel are
required to have a complete understanding of the procedures described within this SOP and
receive specific training regarding these procedures, if necessary.

Only qualified personnel will be allowed to perform these procedures. Required qualifications
vary depending on the activity to be performed. In general, qualifications are based on education,
previous experience, on-the-job training, and supervision by qualified personnel. Personnel who
log alluvial boreholes must study the RFP Alluvial Reference Set that contains examples of all 15
sample classifications within the U.S.C.S. System. Personnel who log bedrock boreholes must be
qualified geologists or geologic engineers, who have received special permission to log bedrock
holes. All of the loggers must study the Core Reference Set that contains 15 representative
samples of the stratigraphic section in the RFP area. In addition they must also study the Alluvial

(4011453) (geotech.1) (02/27/91)
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4.0

4.1

Reference Set. The subcontractor’s project manager will document personnel qualifications
related to this procedure in the subcontractor’s project Quality Assurance (QA) files.

All project staff are responsible for reporting deviations from this SOP to the individual’s project
manager. The subcontractor’s project manager will report deviations and nonconformances to
the EG&G project manager.

When field conditions require deviations from the SOP or SOPA, a Procedural Deviation Notice
(PDN) will be authorized by an EG&G EMAD logging supervisor. An EG&G ER Department
Administrative Procedure outlines the PDN approval process.

REFERENCES

SOURCE REFERENCES

ASTM. Method for Particle - Size Analysis of Soils: Soil and Rock Dimensions, Stone and Geo-
Synthetics. Vol. 04.08. Sec. D422. 1989. ‘

ASTM. Practice for Description Identi ion of Soils for Engineerin Visual-

Manual Procedures); Soil and Rock Dimensions, Stone and Geo-Synthetics. Vol. 04.08. Sec.
D2488. 1989.

Blatt, H., Middleton, G., Murray, R. Origin of Sedimentary Rocks. Prentice-Hall. 1972.
Compton, Robert R. Manual of Ficld Geology. John Wiley & Sons, Inc. 1962.

Harlan, R.L., Kolm, K.E,, Gutentag, E. D. Water-Well Design and Construction. Development
in Geotechnical Engineering, #60. Elsevier. 1989.
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Krumbein, W.C., Pettijohn, FJ. M f Sedimen Petrography. Appleton-Century-Crofts.
1966.

Unified Soil Classification System. ,
Emb n F. ions, Appendix B: Ch ristics of Soil Groups Pertaini Roads
and Airfields. (U.S.) Army Engineer Waterways Experiment Station. Vicksburg, MS. 1960.

5.0 CLASSIFICATION/DESCRIPTION
|
| 51 UNIFIED SOIL CLASSIFICATION SYSTEM (US.C.S)
. The US.CS., as used in this SOP, has been modified from the Army Corps of Engineers’ -

Technical Memorandum No. 3-357, "The Unified Soil Classification System" (1960). The liquid
limit, dilatancy, and dry strength are not included because they are neither practical to do in the
field nor applicable to hydrogeologic logging. A reprint of the U.S.CS. is enclosed in Appendix
A.

511 Basis of Classification

The U.S.C.S. historically has been used to classify "soils" based on their textural properties, liquid
limit, and organic content. In the past the term "soil" has been used by engineers as a catchall
term that includes all unconsolidated material. Because engineers are concerned with how the
soil bchave§ as a construction material, this all-inclusive approach has served them quite well,

However, in this SOP, the U.S.C.S. will be applied only to alluvium, colluvium, fill, and agronomic
soils. This has been done to separate unconsolidated cover material from bedrock that has well-
defined sedimentologic and depositional patterns, regardless of the degree to which the bedrock
. has been weathered. In the RFP area, it is more important to determine the possible paths of

(4011453) (geotech.1) (02/27/91)
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groundwater movement based on geologic processes than it is to determine the engineering
properties of weathered bedrock based on its physical behavior.

Texture

rain_Si le

The U.S.CS. has a grain size scale that is divided into four main categories: (1) cobbles, (2)
gravel, (3) sand, and (4) fines. The gravel, sand, and fines are subdivided into coarse and fine

gravel; coarse, medium, and fine sand; and silt and clay.

Table 3.1-1 is a summary of the U.S.C.S. grain size scale as well as the Wentworth, Atterberg, and
U.S. Department of Agriculture grain size scales (Krumbein and Pettijohn 1966; and Compton
1962).

Neither the U.S.C.S. nor the U.S. Department of Agriculture grain size scales have a common
base. However, both the Wentworth and the Atterberg grain size scales are geometric series with
a base of 2 and 10, respectively.

Finally, it should be noted that the division between sand and silt varies from scale to scale. This
makes it somewhat difficult to compare the U.S.C.S. grain size analyses with analyses based on
other scales. Most geotechnical laboratories show only the U.S.C.S. grain size ranges on the
graph paper. Figure 3.1-1 is a modified graph that shows both the U.S.C.S. and Wentworth grain
size ranges. ASTM D422, "Particle-Size Analysis of Soils,” should be used to perform the grain
size analyses but should be modified to include a 230 sieve.

(4011453) (geotech.1) (02/27/91)
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TABLE 3.1-1
Grain Size Scales (millimeter[mm])
USCS. Wentworth Z—_ijt&u U.S. Dept, Ag, T; nen
>76.2 256-64 200-20 >80 Cobbles
-- 64-32* - -- V.C. Gravel
76.2-19 32-16* -- - C. Gravel
- 16-8* 20-2* 80-2 M. Gravel
19-4.76 8-4* - - F. Gravel
- 4-2 - - Granule
- 21 - 21 V.C. Sand
4.76-2 105 2-02 1-0.5 C. Sand
2-42 0.5-0.25 - 0.5-0.25 M. Sand
42-074 0.25-0.125 0.2-0.02 0.25-0.1 F. Sand
-- 0.125-0.0625 - 0.1-0.05 V.F. Sand
<.074 0.0625-0.0039 0.02-0.002 0.05-0.002 Silt
-- <0.0039 <0.002 <.002 . Clay
Variable Base 2 Base 10 Variable
*Pebbles
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5122

It is important to mention that a degree of error is inherent between: all versions of grain size
estimates made in the ficld and those that are made in the laboratory. The field data are based on
volumetric (visual) estimates while the laboratory data are derived from weight measurements. In
addition, it must be stressed that sieves and grain size charts should be used regularly whenever
estimates are being made.

Graded Material

The concept of graded material is used to describe the number of grain size ranges that are present
within the central portion (approximately 80 percent) of the grain size distribution for samples with
less than 5 percent fines (silt and clay). If a sample contains predominantly one or two grain- size
ranges (such as medium and fine sand), it is poorly graded and has a symbol (P). If a sample
contains several grain size ranges (such as fine gravel, coarse sand, medium sand, and fine sand),

it is well graded and has a symbol (W).

Field values may be checked after the grain size analyses have been calculated and plotted. The
uniformity coefficient is a useful value that may help determine whether a gravel or a sand is well

graded. The formula for the uniformity coefficient is:
' Uc = D60/D10
where the D values are read directly from the grain size plots and represent the amount of material

that is finer by weight. Well-graded gravels have a value greater than 4, and well-graded sands have

a value greater than 6.

(4011453) (geotech.1) (02/27/91)
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5.13  Field Estimates of Plasticity

§.13.1

5132

The plasticity characteristics of fine-grained alluvium or the fine fraction of a coarse alluvium should
be determined per the procedures covered in the U.S.C.S. (Appendix A). The following paragraph
and paragraph excerpts are taken from the US.C.S in Appendix A:

"Particles larger than about the No. 40 sieve size are removed (by hand), and a specimen of soil
about the size of a 1/2-inch cube is molded to the consistency of putty. If the soil is too dry, water
must be added, and if it is sticky, the specimen should be spread out in a thin layer and allowed to
lose some moisture by evaporation. The sample is rolled by hand on a smooth surface or between
the palms into a thread about 1/8 inches in diameter. The thread is then folded and rerolled
repeatedly. During this manipulation, the moisture content is gradually reduced and the specimen
stiffens, finally loses its plasticity, and crumbles when the plastic limit is reached. After the thread
crumbles, the pieces should be lumped together and a slight kneading action continued until the
lump crumbles. The higher the position of the soil above the 'A’ line on the plasticity chart. . . the
stiffer are the threads as their water content approaches the plastic limit and the tougher are the
lumps as the soil is remolded after rolling.”

Low Plasticity

Alluvial samples with a low plasticity "form a weak thread and . . . cannot be lumped together into

a coherent mass below the plastic limit."

Medium Plasticity

Alluvial samples with a medium plasticity "form a medium tough thread (easy to roll) as the plastic
limit is approached but when the threads are formed into a lump and kneaded below the plastic
limii, the soil crumbles readily.”

(4011-453) (geotech.1) (02/27/91)
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5133 High Plasticity

Alluvial samples with a high plasticity form a stiff thread "as their water content approaches the
plastic limit and the tougher are the lumps as the soil is remolded after rolling."

514 US.CS. Sample Classification

The sample classifications of the U.S.CS. are illustrated in Figure 3.1-2. In order to classify

alluvium, colluvium, fill, and agronomic soils, it is necessary first to estimate the percent of all the

grain size ranges in the sample and determine the plasticity of the fines if they comprise more than

50 percent of the sample. With this information, enter Figure 3.1-2 from the left and progress to
the right matching the textural, plasticity, and organic characteristics of the sample.

The progression through Figure 3.1-2 is an "if/then" sequence of decisions that ultimately leads to

the proper sample classification. Two examples follow:

. Example 1:

. Example 2:

(4011453) (geotech.1) (02/27/91)

Seventy-five percent of the material is greater than the No. 200
sieve; 53 percent greater than the No. 4 sieve (gravel); 22 percent
is sand; and 25 percent is fines (10 percent silt and 15 percent
clay). The proper classification for this sample is a clayey gravel
with some silt and sand (GC).

Eighty-five percent of the material is smaller than the No. 200
sieve; 5 percent is gravel; 10 percent is sand; 30 percent is silt;
and 55 percent is clay that has a low to medium plasticity. The
proper classification for this sample is a silty clay with a trace of
gravel and some sand (CL).



® SOIL TYPES

Major

Divisions Description

Well graded gravels or gravel-sand
mixtures, littie or no fines.
Uc > 4 (lab only)

Gravel |Clean
and Gravels
Gravely

o, Poorly graded gravels or gravel-sand
Coarse Soils (< 5% mixtures, little or no fines.
Grained fines)
Soils Gravels Silty gravels, gravel-sand-silt

: mixtures.
More than 50% | With

of coarse frac- Fines
tion retained (> 12%

Clayey gravels, gravel-sand-clay

45 d mixtures.
onno. 4 sieve | finag)
' Weil-graded sands or gravelly sands,
Sand glean litle or no fines.
and and Uc > 6 (iab only)
Sandy -
Soils ( < 5% Poorly-graded sands or graveily
More than 50% ﬁnes) Sp sands, little or no fines.
of material is Sands : Silty sands, sand-silt
larger than no. with SM mixtures.
X i More than 50% Fines
200 sieve size |of coarse frac- o Clayey sands, sand-clay
tion passed (>_ 12% sc mixtures.
no. 4 sieve fmes) /
inorganic silts and very fine sands,
ML rock flour, silty or clayey fine sands,
or clayey silts with slight plasticity
Fine Low 7 Inorganic clays of iow to medium
. CL plasticity, gravelly clays, sandy
Grained Plasticity /] clays, silty clays, lean clays.
Soils Organic silts and organic
Silts oL ! silty clays of low plasticity
| and _ .
C]ays Inorganic silts, micaceous or
MH diatomaceous fine sand or silty soils
More than 50% High CH Inorganic clays of high
of material is Plasticity plasticity, fat clays
smaller than no. OH 24777 omanic days of medium to high
200 sieve size 774777 vlastcity, organic silts

Highly Organic Soils PT Peat, humus, Swamp sols with

| ] high organic contents
| ]

Note: Dual Symbols are used to indicate borderline soil dlassifications
whose fines range from 5 to 12%. _pixseos ;g0 rver

Unified Soil Classification System FIGURE 3.1.2

Modified from "Water-Well Design and Construction; Development in
Geotechnical Engineering, 60,” by R.L. Harlan, K.E. Koln and
E.D. Gutentag; Elsevier, 1989.
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Sample descriptions should be made in the following ofder:

. Main textural classification with modifiers
x Color '
. Grain size
. Grading
. Angularity (ASTM D2488)
. Plasticity
. Composition
. Bedding
. ' *  Moisture content
. Top of bedrock, if present

515 Problems With the US.C.S.

The following are problems that are intrinsic to the U.S.C.S. An obvious problem with the U.S.C.S.
is that a change of one or two percent in coarse or fine material on either side of the 50 percent
boundary may cause the sample classification to vary considerably. For example, a clayey gravel
(GC) or a clayey sand (SC) could easily change to a gravelly clay or a sandy clay with low plasticity
(CL) or a sandy clay with high plasticity (CH). Clearly a classification system that is this sensitive
is subject to errors, especially in the field. .

Another problem is that it is all but impossible to determine a liquid limit in the field. For the
purposes of this SOP, the liquid limit has been replaced by field estimate of plasticity (see Sub-
section 5.1.3).

The U.S.C.S. also lacks the textural property of angularity that helps to determine the maturity of

. . a sediment.

(4011-453) (geotech.) (02/27/91)
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52

521

522

5221

Finally the U.S.C.S. is a purely descriptive classification that has been designed for construction
purposes and concentrates heavily on the physical properties of clay. Because of this, the U.S.C.S.

has 15 sample classifications and is very cumbersome.
BEDROCK DESCRIPTIONS

All bedrock material should be classified and described by using the procedures and techniques
described in Compton (1962) and additional material covered in this SOP.

Basis of Classification

Compton classifies sedimentary rocks on the basis of their texture, fabric, and composition. Rock '
descriptions such as conglomerate, sandstone, siltstone, and shale (claystone and mudstone) are
textural classifications based solely on grain size. When other properties like sorting, roundness, -
bed thickness and contacts, cross-stratification, color, composition, cement, porosity, and fossil
content are included, it is possible to make interpretations of where, how, and under what

conditions the sediments were deposited.

Textural Parameters

Grain Size Scale

The Wentworth grain size scale is divided into six main categories: (1) cobbles, (2) pebbles, (3)
granules, (4) sand, (5) silt, and (6) clay. The pebble and sand categories are subdivided into very

coarse, coarse, medium, and fine pebbles; and very coarse, coarse, medium, fine, and very fine sand

(see Table 3.1-1). The scale is a geometric series with a base of 2.

(4011453) (geotech.1) (02/27/91)
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. Unlike the U.S.C.S. in which the sand/silt boundary occurs at 0.074 mm, the sand/silt boundary

5222

5223

occurs at 0.0625 mm in the Wentworth scale. Since geotechnical laboratories generally plot grain
size analyses on graph paper that is compatible with the U.S.C.S., it is important to ensure that they
also include the range of Wentworth grain size intervals on the graph paper (Figure 3.1-1).

Degree of Sorting

Sorting is a measure of the extent to which a sediment has been winnowed or reworked during
transport. It also is a good indicator of the maturity of a sediment, the energy of the transporting

agent, and the environment of disposition.

In order to determine the degree of scoring, Compton (1962) states, "an estimate is made of the '
range of grain sizes that include the bulk (here 80 percent) of the detrital materials.” It is then
necessary to count the number of size ranges that are contained in the 80 percent sample (see Table
3.1-1). The number of size ranges is then compared with Figure 3.1-3 to determine the degree of
sorting that describes the sample best.

Degree of Rounding

Rounding is a measure of the amount of abrasion a grain has undergone. However, it is not
generally used to describe sediments that are much finer than sand, because grains finer than sand
tend to have elastic collisions that do not affect the shape of the grain. Two properties that must
be considered when estimating the degree of rounding are (1) the corhposition and (2) the original
shape of the grain. Rounding, like sorting, is a measure of the maturity of a sediment. The shapes
shown in Figure 3.1-4 should be used to estimate the degree of rounding of individual grains.

{4011453) (geotech.1) (02/27/91)




sorted

FIGURE 3.1-3
Terms for degrees of sorting. The numbers indicate the number of size-classes
included by the great bulk (80 percent) of the material. The drawings represent
sandstones as seen with a hand lens. Silt and clay-size materials are shown
diagramatically by the fine stipple. Taken from Compton, 1962.

Very ~  Sub- Sub- Well
angular Angular angular rounded Rounded rounded

FIGURE 3.14 ,
Terms for degree of rounding grains as seen with a hand lens. After Powers,

M. C., 1953, "Journal of Sedimentary Petrology®, v. 23, p. 118. Courtesy of the
Society of Economic Paleontologists and Mineralogists. Taken from Compton, 1962.
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5224 Porosity

523

523.1

Porosity is not always an easy property to estimate in the field because the bedrock can be
drastically altered during drilling and coring as well as by weathering. Generally, samples exhibit
more porosity than the rock actually contains.

Porosity should be expressed as a percentage. An accurate estimate is important because the

amount of porosity can give a general indication of the permeability of a rock.
Estimate of Abundance

Figure 3.1-5 is composed of several drawings that represent the field of view commonly seen
through a microscope or hand lens. Each circle contains a number of black areas. Below each
circle is the actual percentage of black area that the circle contains. All loggers should review
Figure 3.1-5 until they are adept at estimating the percentages that are contélined in the circles.

Division of Abundance

Quite often it is necessary to determine the relative abundance of a variable. In these cases, the
use of the terms trace, some, and abundant has a utility. The ranges for each are given in Table
3.1-2.

(4011453) (geotech.1) (02/27/91)
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TABLE 3.1-2
RANGE OF ABUNDANCE
Division Range of Percent
Trace >0to 5
Some 6to25
Abundant 26 to 100

524

These terms generally follow a "with® statement; such as, Sandstone; light olive gray (5Y6/1), very

fine to fine grained, with a trace of carbonaceous material.

Color

Color can convey a great deal of information. It helps to identify the components of the sediment
or rock as well as the cement. In addition, color can provide a fairly accurate idea of the current
chemical environment from which the sample was taken. For example, at RFP, highly weathered
(oxidized) sandstones are commonly brownish-orange while unweathered sandstones are light olive

grey.

To ensure that the color descriptions are accurate and standardized, each sample should be
described while it is wet by using the Geological Society of America "Rock-Color Chart" (1984).
If the sample has dried, it should be moistened with clean water from a squirt bottle. Care should

also be taken to remove sunglasses when a color determination is being made.

(4011453) (geotech.1) (02/27/91)
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525  Rock Classification

Clastic rocks are primarily classified on the basis of their most frequent grain size. The majority
of rocks at RFP are claystone, siltstones, and sandstones; however, hybrids of these end members
are quite common. The second and sometimes third most frequent constituents act as modifiers
and precede the major rock name in the description; such as, silty sandstone or clayey siltstone.
If, however, a rock is composed of 80 percent or more of one constituent, then it should be
described solely as that rock type. The secondary textural modifiers should then be described in
the description following a "with" statement. Figure 3.1-6 shows all the rock classifications and their
lithologic symbols that should be used while logging bedrock samples.

Cement

The nature of the cementing medium should be described whenever possible. Typical cementing
agents are clay (argillaceous cement), silica, and calcium carbonate (caliche).

Friability

The tendency of a rock to crumble is related to how well it is cemented and the extent to which it
has been weathered. Table 3.1-3 shows the degree of friability.

(4011453) (geotech.1) (02/27/91)
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TABLE 3.1-3
DEGREE OF FRIABILITY
Term Definition
Highly Friable Crumbles readily into individual
grains upon minor disturbance
Moderately Friable Will crumble into individual grains
with extensive rubbing
Slightly Friable Can be broken into individual grains
by scraping it with a pocket knife
Non-Friable Cannot be broken into individual

grains by any of the methods
described above

528 Composition

It is not the objective of this SOP to classify sedimentary rocks on the basis of their mineral content
by using tertiary diagrams with quartz/chert, feldspar, and lithic fragments at each pole. Since
Compton wrote the "Manual of Field Geology” in 1962, several classifications have been published.
Two of the most widely used classifications are those published by Earl McBride in 1963 and Robert
Folk in 1974. Blatt, et al., (1972) presents an excellent evaluation of these and other classifications.
For the purpose of this SOP, the geologist is concerned with describing only accessory minerals,
fossils, and other components that distinguish one rock from another. The descriptive term(s)
should follow a "with" statement; such as, silty sandstone; light olive grey (5Y6/1), very fine grained,
with some pink feldspar rock fragments.
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529 Bedding and Internal Structure

52.10

In sedimentary rocks, bedding is related to differences in texture, composition, and color, and
reflects changes in the environment of deposition and/or the source material. Depending on the -
depositional processes that are involved, bedding boundaries may or may not represent a specific

moment in time.

Compton classifies bedding as repeated sequences of beds, shapes of individual beds, and cross-
bedding (cross-stratification). Repeated bedding is produced by cyclic changes in the sedimentary
processes. Individual bed shapes are classified as tabular, lenticular, linear, wedge-shaped, or
irregular. Cross-stratification is classified on the basis of its external and internal characteristics.
External forms of cross-stratification are tabular, wedge shaped, and trough shaped. Internal
descriptive terms that are commonly used are graded, massive, laminated, and tangential (Figure
3.1-7). Other internal features not related to bedding are ripple marks, flow structures, burrows and

tubes, load casts, and desiccation cracks (mud cracks).
Fractures and Slickensides
Fractures should be described whenever they are present. Fractures occur naturally in bedrocks and

should not be confused with breaks induced by coring and handling. The characteristics that should
be noted about the fracture are:

. Whether the fracture is opened or healed

. The composition of the material filling the fracture, if any

J The angle of the fracture from the horizontal

. The apparent displacement of bedding across the fracture

. Whether slickensides are present and the angle of any striations from the
horizontal

(4011-453) (geotech.1) (02/27/91)
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Cross-badded rocks. (A) Tabular sets with diagonal pattems. (B) Wedge sets,
showing considerable erosion between each set. (C) Tabular to lenticular sets
with tangential patterns; typically, these are laminated marine beds.

(D) Symetrical trough sets with distinctly linear axes; typically, these are
targe-scale fiuvial features. The arrows indicate current directions.

Taken from Compton, 1962,

Massive
sandstone bed

Graded sandstone
bed with pebbly

e | S¢ Of gTaded
—revm————d - $ilt-Claystone
reymeavewe—t | beds (varves)
Laminated shale
with X-in.
sandstone beds

10— 10—

Various beds and sats of beds. Taken from Compton, 1962,

FIGURE 3.1-7
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§2.11 Moisture Content
The core should be described as dry, moist, or saturated, and the depth to the top of the
saturated interval should be recorded. If a static water level can be measured, it should
be noted also.

52.12 Lithogic Description

Lithogic descriptions should be made in the following order:

. Main rock type with modifiers

. Color

. Grain size

. Degree of sorting

. Degree of rounding

J Porosity

. Cement

. Friability

. Composition

. Bedding and internal structure
. Fractures and slickensides
. Moisture content

. Top of bedrock, if present

6.0 LOGGING

This section describes the field procedures used while logging.
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It is the responsibility of the logging personnel to ensure that all of the materials and equipment
needed for logging are at the site.

6.1 LOGGING EQUIPMENT
| The following is a list of equipment that is necessary to properly log the alluvial and bedrock
|
|
|

material,
. Core Reference Set
. Alluvial Reference Set
e  Rock-Color Chart
. . Logging forms
. Hand lens
. Nos. 4, 40, 200, and 230 sieves (8-inch) with lid and base
. Six-foot metal measuring tape in tenths of a foot and tenths of an inch
. Core boxes (2 feet long, 5 columns each 2-1/2 inches wide) (such as, Boise
Cascade No. 17-505 top and bottom)
. Wood blocks (2-1/2 inches x 3/4 inches) for marking depths and sample locations
e Jars for cuttings '
. Wentworth and/or Amstrat grain size charts
. Khnife
. Acid (10 percent Hcl) in squirt bottle
. Water in squirt bottle
. Markers (black, waterproof)
. Protective clothing and equipment (sce Health & Safety Plan)
. Pens (black, waterproof)
. Flashlight
. Hammer

. Clipboard
| . . Table
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Duct tape
Paper towels
Plastic wrap

6.2 CORE BOXES

The core boxes should be similar to the boxes described in Subsection 6.1 above. Each core box
and lid should be marked with the following information:

EG&G ROCKY FLATS PLANT Manual: 5-21200-FOP
|
|
|

Well name
Location

Surface elevation
Depth

Date

Project number
Logger’s initials

After samples have been containerized, the remaining core will be placed in marked core boxes and

transported to the core storage facility. In addition to markings, the core boxes will be labeled and
stored according to the results of field monitoring (organic vapor detectors and radiological
screening) conducted during drilling and coring activities. (See SOP 1.8, Handling of Drilling Fluids
and Cuttings and SOP 1.16, Field Radiological Measurements.)

Core boxes suspected of containing low-level radioactive substances only will be labeled with a

"White I" radioactive label. Core boxes suspected of containing volatile organic or mixed substances
will be labeled with a Department of Transportation "Other Regulated Material Class E" (ORM-E)’
label. (See SOP 1.10, Receiving, Labeling and Handling of Waste Containers.) If the suspected
contamination is mixed substances, the core box will also be marked with the words "SUS RAD"

for suspected radioactive contamination.
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63

63.1

63.2

633

The core boxes will be then transported to the appropriate storage facility.
CORES AND CUTTINGS
Scanning the Core

After an interval of core has been cut and the sampler has been opened, the core will be scanned
for hazardous and radioactive contamination. The field use of monitors for the detection of volatile
organics and radionuclides is discussed in SOPs 1.8, Handling of Drilling Fluids and Cuttings; 1.15,
Use of Photoionizing Detectors and Flame Ionizing Detectors; and 1.16, Field Radiological

Instruments.
Percent Recovery

If the core is safe, the core should be consolidated in the sampler and slid out onto the plastic wrap
that has been placed in the core box. Immediately following this, the core should be measured to
the nearest tenth of a foot, and this measurement, along with the interval that was cut, should be
recorded on the logging form. Figure 3.1-8 is an example of a completed logging form. Wood
blocks with footage values marked on them in black waterproof ink should be placed at each end
of the core. If only cuttings were collected, a representative sample should be collected every 2 feet,
and this sample should be placed in a labeled jar in the core box.

Logging

The core or cuttings should be logged according to all of the procedures previously covered in this
SOP.
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Malerials amounts are estimated by % volume instead of % weight " 8.21200-FOP
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NOTES: Generatl: USCS is modified for this log as follows: ‘ .
Materials amounts are estimated by % volume instead of % weight. . i 318 5-21200-FOP
(1) Badly broken core, 2ccurzie foolage measurements not possible. Figure 5. 3.1, Rev. 0
{2) Core treaks cannot be matlched, accurage 1001age measurements not possible, 33 of 35
February 18, 1991
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EMAD GEOTECHNICAL SOP Procedure No.:
. Page:

Safety Related Effective Date:

Category 1 Organization:

5-21200-FOP

3.1, Rev. 0

34 of 35
February 18, 1991
ER&WM

63.4  Photographing the Core

Any and all photographing procedures must conform to plant security controls. Each box of core
should be photographed with a 35 mm camera after it has been logged and before the core is
sampled. If the core is photographed at RFP, the camera will have to be cleared and left on site
until the project is completed. In addition, all of the film must be processed by RFP. An

identification tag and a Kodak color patch should appear in each photograph. The identification

tag should contain:

. The well name

. Footage values of the core in the box

) The box number of the total number of boxes for that borehole, such as
Box 1 of 7

. Date core was taken

. Project number

635 Sampling

Samples that are taken for grain size analyses and permeameter tests should be removed only after
the core has been logged and photographed. At the time a sample is taken, a wood block with the

following information must be placed in the core box at the point the sample was removed:

. Sample number
. Depth

. Purpose

. Date

. Company

This information should be marked on the wood block with a black waterproof marker.

(4011453) (geotech.1) (02/27/91)




EG&G ROCKY FLATS PLANT Manual: §-21200-FOP
EMAD GEOTECHNICAL SOP Procedure No.: 3.1, Rev. 0

Page: 35 of 35
Safety Related Effective Date: February 18, 1991
Category 1 Organization: ER&WM

7.0 DOCUMENTATION

A permanent record of the implementation of this SOP will be kept by documenting all information
required by the SOP on the Borehole Log Form. Drilling activities will also be documented on the
hollow-stem auger or rotary and core drilling Field Activities Report Forms (see SOP 3.2, Drilling
and Sampling Using Hollow-Stem Auger Techniques, and SOP 3.4, Rotary Drilling and Rock
Coring).

The logger will primarily be responsible for each aspect and each procedure.

(4011453) (geotech.1) (02/27/91)



' - ' PAGE  OF
ROCKY FLATS PLANT BOREHOLE LOG | ‘
Borehole Number: Surface Elevation:
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Driliing Equip.: . , Sample Type:
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NOTES: General: USCS is modified for this log as follows:
Materials amounts are estimated by % volume instead of % weight.
(1) Badty broken core, accurate footage measurements not possidle.
(2) Core breaks cannot be matched, accurage foolage measurements not possible.
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Preface

‘ The purpose.of'this manﬁal is to describé.and exﬁ}ain the use of"
the "Unified Soil Classification System" in order fhét identification‘
of soil tyfés will be ohiaAcdmmon‘pésié thrdughoﬁt the agencies using
this system. | |

Thé proé¥am of ﬁilitary-airfieid cdﬁstruction undertakeﬁ by the

Departmenﬁ 6f the Army in 1941 revealed at an early stage that existing

soil classifications were not entirely applicable to the work inyolved. .. .

In l9h2.the.Corpsqof_Engineers.tentatively adopted the "Airfield‘, N

Classification" of soils which had been developed by Dr. Arthur

Casagrande’ of the Harvard University Graduate School cf'Engineering.
As' -2 result of.experienge;gained since thet time,.the original classi-
fication has'ﬁeén éxpahded and revised in cooperation with the Bureau

of Reclamation so that it applies not only to airfields but also to

. .embankments, foundations,.and.other engineering features.

Acknowledgment is made to Dr. Arthur Casagrande, Professor cf

Soil Mechanics and Foundation Engineering, Harvard University, fqr>

: pehmission to incorporate in this manual considerable information frcm

the paper "Classification and Identification of Soils” published in

Transdctions, American Sociefy of Civil Engineers, volume 113, 1948.

'This manual was preparéd under the direction of the Office, Chief of

Engineers, by'the Soils Division,>Wat¢rway$ Experiment Station.

’
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UNIFIED SOIL CLASSIFICATION SYSTEM -

o Introductionv )

Need for a classification system

1. The adoption of the principles of soil.mechanics by the engi-

: neering profession has inspired numerous attempts to devise a simple

classification system that vill tell the engineer the properties of a

given soil. As a consequence, many classifications have come into exist-

~ ence ‘based on certain properties of soils such as texture, plasticity,

| strength, and other characteristics. A few classification systems have -

gained fairly wide acceptance, but it is seldom'that any particular sys-%
tem has provided the ccmplete information on a soil that the engineer
needs.. Nearly every engineer who practices soil mechanics vill add Sl
Judgment and Tersonal experience as modifiers to whatever soil classifidw
cation system he uses, so that it may be said that there are as many

~v€.

classification systems as there are engineers using them. Obviously,

within a given agency, where designs and plans are reviewed by persons' ‘

entirely removed from 8 project, a common basis of soil classification is
necessary so that when an engineer classifies a soil as a certain type, ;
this classification will convey to another engineer not familier with the
region the proper characteristics and behavior of the material. Further

than this, the classification should reflect those behavior characterisf

- tics of the soil that are pertinent to the project under consideration.

Basis of the unified soil
classification system

. 2..-The nnified_soilﬁclassification system is based on the




N

identification of soils'according to their tertural and plasticity quali-
ties and on their grouping with respect to behavior. Soils seldom exist in
nature separately as sand, gravel, or any other single  component, but

are usually found as mixtures with varying proportions of particles of

- different sizes, each component part contributes its characteristics to':'
the soill mixture. The unified soil classification system is based on
those characteristics of the'soil that indicate how it will behave as an -
engineering construction material. The following properties have been
found most useful for this purpose and form the basis of soil identifica-
téon. They can be determined by simple tests and with experience can.be ..
estimated vith some accuracy. 4 ' '

éf a. Percentages of gravel, sand, and fines (fraction passing
© No., 200 sieve).

e n

~» y ‘ "
. b. Shape ‘of ‘the grain-size-distribution curve. :

., sl
A i

Ce Plasticity and compressibility characteristics.

In the unified soil classification system the .soil is given a descriptive

namé and a letter symbol indicating its principal characteristics.

PR

. Purpose and scope of manual

3. It is the purpose of this manual to describe the various soil
groups in detail and to discuss th° methods of identification in order
that a uniform classification procedure may be followed by all who use

-the system. Placement of the soils into their respective groups is
accomplished by visual examination and lahoratory tests as a means of
basic identification. This procedure is described in the main text of

this manual. The classification of the soils in these groups according

to their engineering behavior for varioua types of construction, such as

.

&

AR
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ing. the one. presented in this manual, it is necessary to establish a |

r..various. size.ranges have. been arbitrarilysset at. certain U. S. Standard 57

'embankments, foundations, roads; and airfields, is treated separately in

appendices hereto wbich will be issued as the need arises. It is rec-
ognized'that the unified classification system in its present form may
not prove entirely.adequate in all cases.‘ However, it is intended that

the cla531fication of soils in accordance with this system have some de-

‘ gree of elasticity, and that the system not be followed blindly nor re-

-

garded as completely rigid.

Definitions of soil components

L, Before soils can be classified properly in any system, includ- -

basic terminology for the various soil components and to define the terms
used. In the unified soil classification the names "cobbles;" "gravel,"
"sand," and. "fines (silt*or elay)" are used to designate the size ranges
of soilfparticles. The gravel and sand ranges are further subdivided ’
into the groups presented below. The limiting boundaries between the

:l
g

sieve sizes in accordance with the following tabulation:

‘ Component | i — ’ Size Range

Cobbles | i Above’ 3 in.

Gravel * 3 1n.. to No. b (h 76 m) .

-~ Coarse gravel ‘3 in. to 3/4 in.

Fine gravel 3/4 in. to No. 4 (L.76 mm)

Sand % No. b (4.76 mm) to No. 200 (0.07% m)
Coarse sand - - No. 4 (4.76 mm) to No. 10 (2.0 mm)
Medium sand No. 10 (2.0 tm) +to No. L0 (0.%2 mm) -
Fine sand . No. 40 (0.42 mm) to No. 200 (0.0T4 mm)

Fines (silt or clay) Below No. 200 (0 o7l mm)

These ranges are sho;n graphieally on the grain-size sheet, plate 1., In




the finest soil component (beloyLNo. 200 sievel the terms "silt" and
"clay" are used respectively to distinéuish materialsnexhibiting lower
plasticity from those with higher plasticity. The minus No. 200 sieve
material is "silt" if the liquid limit and plasticity index plot below
the "A" line on the plasticity chart (plate 2), and is "clay" if the..
:rliquid limit and plasticity index plot above the "A" line on the chart
(a1l Atterbverg limits tests based on minus No. hO sieve fraction of a
soil). The foregoing definition holds for inorganic silts and clays
and for organic silts, but 1is not valid for organic clays since these
latter soils plot below the "A“ line. The names of the basic soil com- .
pgnents can be used as nouns or adjectives in the name of a soll, as.

explained later.

‘f.'

ﬁf@- gThe Classification System L. . & ;fga

-l S

. : 5. A short discussion of the unified soil classification sheet,
.tgble 1, is presented in order that the. succeeding detailed description
may.be more easily understood. This sheet. is designed to apply gener-
ally to the identification of soils regardless of the intended engineer-
ing uses.' The first three columns of the classification sheet show the
major divisions of ‘the classification and the.group symbols that distin-
guish the indivyidual soil types. Namesiof.typicai and representative
soil types found in each group are shown in column 4, The field proce-
dures for identifying soils by general characteristics and from perti-

nent tests and visual observations are: shown in column 5. The desired

;,4-

descriptive information for a complete identification of a soil is pre- o

sented in column 6 In column 7 are presented the laboratory

5
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“classification criteria by which’ the various soil groups are identitied

and distinguished; Table 2 shows an auxiliary schematic method of clas-

. sifying soils from the results' of laboratory. tests. The application and
‘use of tbis chart are’ discussed in greater detail under a subsequent

‘ heading in this manual

m

- Soil grouns ‘and group svmbols -

6. Major divisions.-' Soils are primarily divided into coarse-

grained soils, fine-grained soils, and highly organic.soils. On a

textural basis ,. coarse-grained soils are those' that have 50 per cent or

1ess of the. constituent material passing the No. 200 sieve, and fine- ,

grained. soils are those that bave more than 50 per cent passing the

200 sieve. Highly organic soils are in general readily identified -

: by visual examination. The coarse-grained soils are subdivided. into

gravel and gravelly soils (symbol G), and sands ‘and sandy soils (sym-

bol S). Fine-grained soils are subdivided on the basis of the liquid

;limit symbol L is used for soils with liquid limits .of 50 and less,

and symbol B for soils with liquid limits in excess of 50’ (see plate 2).
Peat and other highly organic soils are designated by the symbol Pt and

are’ not subdivided.

7.' Subdivisionsj_coarse-grained soils. In general 'practice there

is no clear-cut boundary between gravelly soils and sandy soils, and as

i’ar as behavior is concerned the exact point of division is relatively un-

'important. For purposes of identification ) coarse-grained soils are £

classed as gravels (G) if the greater percentage of the coarse fraction ’ .

(retained on No. 200 sieve) is larger than the No. 4 sieve and as sands

- (s) if the greater portion of the coarse fraction 18 finer than the No. h

.:'e...




sieve, .Borderline cases may. be' 'classified as belonging to both groups.
The gravel (G) and sand (S) groups are each divided into four second.a.ry
groups as follows: ] '

a. Well-graded material with little or no fines. Symbol W,
Groups GW and SW.

Groups GP and SP.

c. Coarse material with nonplastic fines or fines with low
plasticity. Symbol M. Groups GM and SM.

4. Coarse material with plastic fines. Symbol C. Groups GC
. and SC. ;.

8. Su}:;d.ivisionsJ fine-grained soils. The fine-grained soils are

o
subdivided into groups based on whether they have a relatively low (L)

or high (H) liquid limit. These two groups are further subdivided as

6;

follows: . : . | .

.“ . - y ” . _':,:.'."::: 0;‘,_. . .,__;~_; » -f; -.‘.\ < ','-’.'.','" 5 . . -‘. ‘er s

p 8. Inorganic silts and very fine sandy soils;’ silty or clayey
o fine sands; micaceous and diatomaceous so0ils; elastic

‘;' silts. Symbol M. Groups ML and MH. .

e . B Inorganic clays. . Symbol C.- Groups CL e.nd CH.

e
[

Co Organic silts and clays. Syn;bol o. Croups OL and CH.

Discuss'ion of Coarse-grained Soils

E

‘GW and SW zroups b

3 9. 'Ihese groups comprise vell-graded gravelly and sa.ndy soils

having little or no nonplastic fines (1ess than 5 per cent passing the

No. 200 sieve). The presence of the fines must not noticeably change

the strength characteristics of the coarse-grained fraction a.nd. must not

%.

interfere with its free-draining characteristics. I the material con-

tains less than S per cent fines that exhibit plasticity, this

e

b. ;Poorly~graded material vith little or no fines. Symbol P.

W e
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information should be evaluated and the soil classified as discussed sub-

sequently under "La'borator; Identification." In areas subject to frost
action, the material should not contain more than about 3 per cent of
soil graihs smaller than 0.02 mm in size. Typical examples of GW and SW
soils ere shown on plate 3. . '- |

GP and SP grou;L

10. Poorly-graded gravels and sands containing little or no non-
plastic fines (less than 5 per cent passing the No. 200 sieve) are

classed in the GP and SP groups. The materials may be classed as uniform

- gravels, . unifom-sands »-OF. nonuniform. mixtures of very coarse material . .. .. . ...

¥

and very fine sand, with intemediate sizes lacking (scmetimes called

SkiP-sraded, sap-sraded, or step-sraded) The latter group often results

W

ﬁ'om borrow excavation in whichx gravel and sa.nd layers are mixed. If the
i .

fine fraction exhibits plasticity, this information should be - evalua+ed _

and the soil classified as discussed subsequently under "Laboratory:

ldentificatioa. Typical examples ‘of  varidus’ types of- GP and SP soils ~«limeemae

-

are shown on plate 4,

GM and SM zroups

ll. . In general, the GM and SM groups comprise gravels or sands with

fines (more than 12* per cent passing the No. 200 sieve) having low or no

plasticity. The plasticity index and liquid limit (based on minus No. 4O ‘

sieve ﬁ'action) of soils 1n. the group should plot ‘belov the "A" line on

* In. the preceding two paragraphs soils of the GW, GP, SW, and SP
groups were defined as having less than 5 per cent passing .the No. 200 -
sieve. Soils which have between 5 and 12 per cent passing the No. 200
sieve are ‘classed as. "'borderline" and are discussed in paragraph 33
under that heading. JE : : -




the plasticity chart. f.l'h,e gradation of the materials is not considered . ‘
significant and both vell- and poorly-greded materials are included. | |
Some of thcsands and gravels in this group will hnve:a binder composed
of natural cementing agents y BO proportioned that the mixture ‘shows neg-
. ligible svelling or- shrinkage. Thus the dry strength of such materials
is provided by a small amount of soil binder or by cementation of cal-
careous material or iron oxide. The fine' ﬁ'act_ion of other materials
in the GM and SM groups may be composed of silts or rock flour types
having 1ittle or no plasticity and the mixture will exhibit no dry
strength Typical examples of types of GM a.nd SM soils are shown on A

L3
pIate Se

GG*- and SC groups
*‘ 12._ In general, the GC and SC groups comprise *gravelly or sandy

soils with fines (more than 12 per cent passing the *No. 2200 sieve) which A .
have either low or high plasticity. The plasticity index and liquid . )
-lg.mit of soils (fraction passing the No.. Lo sieve) in the group. should

plot above the "A“ line on the plasticity chart.' The gradation of the

materials is not considered significant and both well- and poorly graded |

materials are included. The plasticity of the binder fraction has more

influence on the oehavior of the soils than does variation in gradation.

‘I,‘he fine fraction is generally composed of clays. Typical examples of

GC and SC soils are shown on pJ,ate 6.

Discussion of Fine-grained Soils

&

ML and ME Zroups T a e

DN .
Lo

13 & In these. groups.-fthe symbol M ,nas.oeen.' used to designate -;.'.

. . "t N . A ° ca . o . .
' . V BN S . .
.
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" predominantly silty materials and’ micaceous or distcmaceous soils. The

symbols L a.nd H represent lowv and high liquid limits, respectively, and

an arbitrary dividing line between the two is set at a liquid limit of

50. The soils in.f;hc ML and MH grmzps are sa:ndy silts, clayey silts,

or inorga.nic silts with relatively low plasticity. Also included are

'loess-type soils a.nd rock flours. Micaceous and diatomaceous soils

; generally fs.ll vithin the MH group but may extend into the ML group

when their liquid limit is less than 50. The same is true for certain

types of kaolin clays and scnne; illite clays having relatively low plas-

: tieity. -Typical .exs.mples .of soils. in the ML and MH, gr_oups are shown..,

on plate T.

'CLs.ndCeroups

7

1h In these groups the gsymbol C sta.nds for clay,, with'L and H
denoting ‘low or high liquid linit. The soils are primarily inorganic

cla.ys. Low pls.sticity clsys are classified as CL and are usually lean

. clays, ss.ndy cla.ys , Or. silty clays.: ‘The mediun a.nd‘high plasticity

clsys are classified as CH. These include the fat clays, gumbo clays,

certain volca.nic cls.ys » and bentonite. ' The glacia.lclays of the northern' '

, 'United States ‘cover a wide ‘ba.nd in the CL and CH groups.  Typical exam-

ples of soils in these gnmps are shown on plste 8.

OL and CH groups

15. The soils in the OL snd OH groups are characterized by the

~presence of organic ms.tt‘er, ‘hence the symbol O. Organic silts and clays':
" are classified inthese 'groups.v- The materials have a pla_sticity range

A 'that corresponds with the MI. and MH groups. T&picsl examples of OL and’

COREES i) . . 5

OH soils s.re presented on plste 9.
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Discussion of Hﬁighly Organic Soils
(3

Pt _group ,
,.16. The highly organic soils usually are very compressible and

have undesirable construction characteristics._ They are not subdivided
and are classified into one group with the symbol Pt. Peat, humus, and
swamp soils with.a hig_hly_organic texttn_'e are typical._soils‘, of the

group. Particles of leaves s grass, ‘oranches ,. or other fibrous vegetable

matter are common components of these soils.

'Identification of Soil Groups - - -

Eé;" 17. The unified soil classification is so 'arranged that most soils

{1 N

may be classified into “gat leastﬁtge _three prinary groups (coarse grained,
fine grained, and highly oréanic) by means of visual examination and
simple field tests. Classification into the subdivisions can also be

: m@e by visual examination with scme degree cf success. .. More positive
identification .may be made by means of laboratory tests on the materials.
However, in many instances a tentative class ficution determined in the
field is of great benefit a.nd may be all the ider.tificati'm that is -
necessary, depending on the purposes. for which the soils in question ‘are
to ‘be used., Methods of general identification of soils are discussed

in: the following paragraphs, and & laboratory testing procedure 1is pre-
sented. It is emphasized that the two methods of identification are

: never entirely separated." Certain characteristics can only be estimated '

by ‘visual examination, and in borderline cases it nay be necessary to

verify the classification-.'by. labo_r_atory tes-';s . Conversely, the field

Y
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" methods are entirely practical for preliminary lsboratory identification
and may be used to sdvantage in grouping soils in such a manner that
only & minimm mumber of laboratory tests need be run.

General Identification

v .7..

18. X The easiest vay‘of learning field identification of soils is
under the guidance of experienced personnel. Without such assistance,
| field id.ntification may be learned by systematically comparing the
numerical test results-for typical soils in each group with the "feel” ’

T the . material while field identification procedures are being performed.

3

Coarse-p:rained soils | T . 4

,-=-\ »

,,f'_.‘,;1'9.‘ Texture and composition. In field identification of coarse-

' grained materials a dryksample is spread on a flat surface and examined
to determine gradation, grain size and shape, and mineral composition.

Considerable experience is required to differentiate , on the basis of .

ﬁ The durability of the grains ,of a coarse-grained soil may require a
careful examination, depending on the use to which the soil is to be
put. Pebbles and sand grains consistinq of sound rock are easily iden-
tii’ied. Weathered material is recognized from its discolorations and
the relative ease vith which the grains can be crushed. Gravels con-
sisting of weathered g:ra.nitic rocks N q_uartzite, etc., are not necessar-
.ily obJectionable for construction purposes.' On’ the other hand, coarse~-
; S B grained soils containing fragments of shaley rock may be unsuitable be-

e : cause alternate wetting ‘and drying nay result in their partial or com-

. T plete disi_ntegration.'.;. 'This property can be identifi_ed by & slaking test. -

)

/ .
a: visual examination, between well-graded and ; poorly-graded soils. " 1T L ..
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The particles are first thoroughly oven- or sun-dried, then submerged
in water for at least 24 ‘hours, . and finally their strength is tested
and compared with the original strength Some types of shales will com-

pletely disintegrate vhen subjected to such a slaking test.

_ 20._ Examination of fine fraction. ‘Reference to theé identification

sheet (table 1) shows that classification criteria of the various coarse-
grained soil groups are based on the amount of material passing the No.
200 sieve and the plasticity characteristics of the. binder fraction
(passing the No. 4O sieve) Various nethods may be used to estimate the
percentage of material passing the No. 200 sieve, the choice of method
\ill depend on the skill of the technician, the eqixipment at hand, and
the time available. One method, decantation, consists of mixing the
soil with vater in a suitable containert: and pourin;; off the turbid mix-;

- * ﬁ] ‘ ! 3“’: b4 -' ’ =~

'ture of vater a.nd fine soil, successive decantations will remove prac-
Ty -

tically all of the fines and leave only the sand and gravel sizes in the

cgntainer. A visual comparison of the residue with “the original material |
will give some idea of the amount of fines present. Another useful meth-
od is to put a mixture of soil and water in a test tube, s .ake it thor-
oughly, and allov the. mixture to s'-ttle. The coarse 3artio1es will fall
to the bottom and successively finer particles vil:. be depnsited with
increasing time H the sand sizes will fall out of "suspension in 20 to 30
seconds. If the assumption is made that the soil veight is proportional
to its volume R this method may be used to estimate the amount of fines
present. A rough estimate of the amount of fines may be ‘made by spread-
ing the sample out on a level su.'-face and making a visual. estimate of

x

the percentage of fine particles present. P The presence of fine sand can_

.,»‘
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""usually be’ detected by rubbing a sample between the fingers, silt or clay

.. the characteristics_,.'og, the. _fige,_a_ffr_actio:n __.dctermined‘._ _ The_,binder. is

" miked with wateranditsdrystrength and plasticity characteristics are i

vy

* f""other than clay usually is not possi’ble by visual and manual. examination, -

-'"‘sification sheet, tahle l eraluation of soils according ‘to dry strength

since such agents may require a curing period of days or even weeks. In \

particles feel smooth and stain the fingers, whereas the sand feels gritty
and does not leave a stain_.» The "teeth test" 1is sometimes used for this
purpose, and consists of biting a portion of the sample between the

teeth. Sa.nd feels gritty \ihereas silt -and_ clay do not; clay tends to

stick to the teeth while silt does not. If there appears to be more

A .vthan about 12 per’ cent of the material passing the No. 200 sieve , the

sample should be separated as well as possible by hand, or by decanta-

tion and evaporation, removing all of the gravel and coarse sand, and

R

examined. Criteria for dry strength are shovn in column 5 of the clas-

and plasticity criteria is discussed in succeeding paragraphs in connec-

tion with fine-grained soil‘s. Identification'of active cementing agents

~ the absence of such experience the soils should be classified tentatively #

into. 'their apparent groups N neglecting any possi'ble development of

strength because of cementation. o

2SN

Fine-grained soils c

21. The principal procedures for field identification of fine-

grained soils are the test for dilatancy (reaction to shaking), the ghe

'-.,__._examination of plasticity che.racteristics ’ “and the det ermination of dry

| strength. In addition, o’oservations of color and odor are of value ’

pa.rticularly for organic soils. Descriptions of the field identification :
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procedures are presented in the following paragraphs. The dilatancy,
plasticity, and dry strength tests are performed on the fra,ction of the
soil finer than the No. 40 sieve. Separation of particles coarser than
the No. 4O sieve is done most expediently in the field by hand. However,
separation by hand probably will® be most. effective for particles coarser
than the No. 10 sieve. ‘Some effort should be made to remove the No. 10
to No. 4O fraction but it is. believed that any particles in this size
range remaining after hand separation would have little effect on the
field identification procedures. ‘
22. Dilatancx. The soil is prepared for test by removing particles

| larger than sbout the No.. ho sieve size (by hand) and adding enough water,

f ‘necessary, to make the soil soft but not sticky. The pat of moist soil
) should have a volume -of about 1/2 cu‘oic inch. The pat of soil is alter-
'nately shaken horizontally in the open palm of one hand, vhich is struck
vigorously against the other hand several times, and then squeezed between
%e fingers. A:fine-grained soil .that is nonplastic or exhibits very lov
bplasticity will beccme 1ivery and show free vater on the surface while
being shaken. Squeezing will cause the, water to d.isappear from the sur-
face and the sample to stiffen and finally crumble under increasing '
finger pressurer, like a8 brittle material If the vater content is ,just
right, shaking the broken pieces vill cause them t-: liquefy again and
flow together. A distinction may be made between rapid slow, or no re-
action to the shaking test, depending on the speed with which the pat
changes its consistency and the vater on the surface appears or dis- |
appeus. Rapid reaction to the shaking test is. typical for nonplastic,

uniform fine sand, silty sand (SP SM) ’ and inorganic silts (ML)

. {.5
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" particularly of the rock-flour type, also for diatcmaceous earth (ME).

The reaction beccmes scomevwhat m.ore_"sluggish with decreasing uniformity

of gradation (and increase in plasticit‘y up to a certain degree).." Even a
slight content’ of colloidal.clay will impart to the soil some plasticity
and slow up materially’tﬁe" Teaction to the shaking test. Soils which
react in" this manner are somevhat plastic inorganic and organic silts

(Mo, OL), very lean clays (CL), and some kaolin-type clays (ML, MH). Ex-:
tremely slow or no reaction to the shaking test is ckaracteristic of all

typical clays (CL, CE) as well as of highly plastic organic clays _(OH).

- .23 .5 Plasticity characteristics.. Examination of the plasticity ........ .. ..

characteristics of fine-grained soils or of the fine fraction of coarse- ‘ A
grained soils is made with a small moist sample of the material. Parti- -,
cles larger than( about the No. hO sieve size' are removed (vy hand) and & ,
specimen of soil about the size of a l/2-in.rcabe is molded to the con- “

sistency of putty._ If ‘the soil is too dry, vater must be added and if

"it is sticky, the specmen should ‘be" spread out.in a.thin layer and

al.lowed to lose scme moisture by evaporation. The sample s rolled by
hand on a smooth surface or between the palms into a thread about l/8 in. ‘
in diameter..! ‘I'he thread is then folded and rerolled repeatedly. During

this manipulation the moisture content is gradually reduced and the speci-'

men stiffens 3 finally loses its plasticity, and crumbles when the plastic

l...mit is reached. After the thread crumbles , the pieces should be lumped.

together and a slight kneading action continued until the lump crumbles. -:-

The higher the position of ‘a soil above the "A" line on the plasticity

chart, plate 2 (cL, CH), the stiffer are . the threads as their water con-

tent approaches the plastic limit and the tougher are the lumps as the

e
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soil is remolded after rolling.  Soils’slightly above the "A" lime (CL, - ‘
CE“) form a medium tough thread (easy to roll) as the plastic limit is
approached but when the threads are_ formed into .a lunp and kneaded below
the'plastic limit, the soil crumbles readily. Soils below the "A" line

. (ML, MH, OL, CH) form "a'i‘iefals thread and, vith the exception of the O
soils » cannot be lumped together into a coherent mass below the plastic
limit. Plastic soils containing organic material or; much mica (well.
below the "A" line) form threads that are very soft and spongy near the
-plastic limit. The binder fraction of coarse-grained soils may be ex-
amined in the same manner a&fine-grained soils. In general, the binder
:raction of coarse-grained soils with s1lty fines (GM SM) will exhibit
plasticity characteristics similar to the ML soils ’ and that of coarse-
grained soils vith clayey fines (GC, sc) will e sjmilar to the CL soils.

2L, Drv strength 'I‘he resistance or a piece of dried soil to .

1 ~:“

crushing by finger pressure is an indication of the character of the
golloidal fraction of a soil. To initiate the test, particles larger
than the No. hO sieve size are removed from: the soil (by hand) and a
specimen 1is molded to the con::istency of putty, adn.ing water if necesg-
sary.. The moist pat of soil is allowed to dry (in oven, sun, or air)

and is then crumbled between the fingers. Soils with ‘'slight dry strength

crumble read.ily ‘with very little finger pressure. All nonplastic ML and

&

k] :
MH soils have almost no dry streng'th Organic silts and lean organic clays

of low plasticity (or), as well 8s very fine sandy soils (sM), have
slight dry strength Soils of medium d.ry strength require considerable
finger pressure to povder the sample. Most clays of the CL group and

scme ;8 soils exh_ibit medium ,dry«"strength”g_ This 1s also true oi’ the. fine'

Lo L HE T U R .
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" fraction of gravelly and sandy so‘ils having a clay binder (GC and SC).
Soils with high dcy strength can be broken but cannot be powdered by

finger pressure. Bigh dry strength is indicative of most CH clays, as

L T

well as some organic clays of the OH group having very high liquid limits

and located near the A—line. In some instances high dry strength in the -

*
“

undisturbed state may be furnished by a cementing material such as cal-
cium carbonate or iron oxide. J
25. Color. In field soil surveys color is often helpful in dis-

tinguishing between various soil strata, and to an engineer with suffi-

useful for identifying individual soils. The color of the moist soil

' % should be used in identification as soil color may change me.rkedly on
) % _"‘T“dry'ing. & To the experience%. eye certain dark or drab shades of gray or

A .
3 .
#

_brown, including almost black colors, are 1ndicative of fine-grained

e soils containing organic colloidal matter (OL OH) In contrast, brighter

* ‘cient: preliminary experience with-the local soils y-color. may also be . .. i

'colors , including medium and light gray, olive green, brown, red, yellow,: o

and white , are generally associated with inorganic soils Use of the

Munsell soil color charts and plates, prepared for the U, S. bepartment
> of Agriculture by the Munsell Color Company,.Baltimore ) Maryland is®

suggested in the event more precise soil color descriptions are desired
©or to facilitate uniform naming of soil colors. E |

26, Odor. Organic soils of the OL and OH groups usually have a

At R IR

' distinctive odor which with experience, can be used as an aid in the
identification of such materials. This odor is especia.lly apparent fzom
" fresh samples. It gradually diminishes on exposure to air but can be

revived by heating a vet ..ample.
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Highlx orggic soils '

“ 27.. The field identification of highly organic soils (group Pt) is
relatively easy inasmuch as these soils are characterized by undecayed or
»pa.rtially carhonized particles of leaves, sticks, grass, and other vege-
ta‘ble matter which impart to the soil a typical*fihrous “texture. The =~
color ranges generally from va.rious shades of dull hrown to black. A.
distinct organic odor is also characteristic of the soil. The vater con-
tent is usually very high. Another aid in identification of these soils
may be the location of the soil with respect to topography: low-lying,

swampy areas usually contain highly organic soils.

o~

- -ﬁ-|;.qu
.
%

Laboratorv Tdentification

s .. .28, 'Ihe identification of soils in the lahoratory is. accomplished
e '}' BT B S S

by determining the gradation and plasticity characteristics of the mate-

oo

rials. The gradation is detemined by sieve analysis and a grain-size
ct‘;-.rve is usually plotted as per cent finer (or pa'ssing)‘ by weight against_
a‘ logarithmic scale of grain size in millimeters. Plate 1l is a typical
grain-size chart. Plasticity characteristics are evaluated by means of
the 1iquid and plastic limits tests on the soil fraction finer than the
No. Lo sieve. A suggested laboratory method of ide;tification is pre;
sented schematically in the chart shown as tahle 2 and is discussed in
the succeeding paragraphs. It should he recognized that although a def-
inite procedure for identification is outlined on the chart, the labora-
tory technician engaged in classification may be sble to use "short cuts"
in his work after he becomes thoroughly familia.r with the criteria for

e . Yo

each soil group.
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Identification of ma,jor soil gLuL

_ for convenience in identification as it is obvious that a numerical dif-

:_ference of l‘%or 2 in this ;percentage vill make no significant change in

. with the proper headings in the chart

29. Reference to the identification procedure chart table 2, shows
that the first step in the laboratory identification of a soil is to
determine vhether it is coarse grained, fine grained or highly organic.
This may be done by visual examination in most cases, using the procedures

outlined for field identification. In some borderline cages, as.with

very fine sands or coarse silts » it may be necessary to screen a repre-

sentative dry sample over a No. 200 sieve and determine the percentage

passing Fifty per cent or less passing the No. 200 sieve identifies

“ the soil as: coarse grained and ‘more -than 50 per. cent identifies the soil -

as fine grained. The percentage limit of 50 has been selected arbitrarily

+

_the behavior of the soil. After the major group in vhich the soil belongs‘ | |

is established, the identification procedure is continued in accordance

Identification of subgroups ’)
coarse-zrained soils

30,' Gravels (G) or sends (SL A complete sieve analysis is run on
coarse-grained soils and the gradation curve is plotted on a grain-size . :
chart. For some soils containing a substantial amount of fines, it may

be desirable to supplement the sieve analysis vith a hyd.rometer analysis

. in order to define the gradation curve below the No. 200 sieve size. Pre-
__ liminary identification is made by determining the percentage of material
" $n the gravel (above No. 1& sieve) and sand (No. h to No. 200 sieve) sizes,

L If there is a g'eater percentsge of gravel than sand the material is
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classed as gravel (G'); if there is a greater percentage.of sand than
gravel the material is classed as sand (S). ‘Once again the distinction
between these groups is purely arbitrary for convenience in following

the system.. The next identification step is to determine the amount of

- material passing the No. 200 sieve. Sinée thé subgroups are the same

for gravels and sands, they will be discussed Jointly in the following

paragraphs.

31. GW, SW, GP, and SP groups. These groups comprise nonplastic

soils having less than 5 per cent passing the No. 200 sieve and in which

' the fine frection does not interfere with the soils' free-dreining prop-

e;ties. Ir the e.bove criteria are met, an examinetion is made of the

sgl__xape of the gr_ein-size curve. Materials that are well graded are clas-
sified as GW or., & poorly-gre.ded meterﬁial: ere ci!.essified as GP or SP, ,
The grein-size distributions of well-graded meterials genera.lly plot 8s .
smooth and regular concave curves with no sizes lacking or no excess of
n?terial in a.ny size range (plate 3), the uniformity coefficient (60 per.
cent grain dia.meter divided by the 10 per cent gre.in diameter) of well-
graded gravels is greater than 4, and of well-graded sands is greater
tha.n 6. In eddition u the gredation curves should meet the following
qualificetion in order to be classed as vel.l graded. .
(D )

. Dgg x Dlo

vhere D3o = grain diameter e.t 30 per cent pessing

between 1 and 3

[RAR T

: D60 grein diameter at 60 per. cent passing
' DlO gra.in diameter at 10 per cent passing ‘

The foregoing expression, termed a coefficient of cu.rvature, insures'

. ,-,._’. - .!;‘« .
- Ty
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- . the No.. 20leieve ;..they may.or.may not exhibit plasticity. For identi- S

fication, the 11quid end plastic limits tests are required on the frac-. :

2

‘ that the"hrading curve will have a concave curvature within relatively

narrow limits for a given Dgo and Dlo combination. ALl gradations not

' meeting the foregoing criteria are classed as poorly graded..- Thus,

" poorly-graded sotls (GP, SP) are those having nearly straight line gra-

dations (plate h fig. l eurve 3) , convex gradations , nearly vertical
(uniform) grad.ations (plate’ h £ig. 1, curve 1), end gradation curves - -

vith "humps” typical of skip-graded materials (plate 4, rig. 1, curve 2).

32. GM SM GC and SC groups. The soils in these groups are com- - ' J
|

posed of those materials having more than a 12* per cent fraction passing :

K

~ tion finer than th‘eNo"". 40 siev‘e‘. The tests should .be run on representa-

¥ tive 'Saiﬁlégibf moist material, ‘and ndt on air- or oven-dried soils. f ,

This precaution is desirsble as drying effects the limits values to same

%

. extent as vill be explainéd further in the discussion of fine-grained
'solls.” Materials in'which'the’1iquid’ limit’and ‘plasticity index.plot:’-d. .. .

" below the: "A" 1line on the ilasticity"chart" (plate 2) are‘classed as

GM or SM (plate 5). Gravels end sands in which the liquid limit and .

. plasticity index plot above the "A" line on the plasticity chart are

classed as GC or SC (plate 6) It is considered that in the identifi- |
: 1
cation of materials in these groups the pla.sticity characteristics (
: |

overshadow the gradation characteristics, therefore, no distinction is

mad.e between well- and poorly-graded materials. ' I L

“# In the pr'eced‘ing pars,graph soils of the, cw, ,GP, SW, and SP groups were -

defined as having less than a 5 per cent fraction passing the No. 200

sieve:. Soils having between 5 and. 12 per cent passing the No. 200 . o

sieve’ are classed. as "borderline" and are- discussed. in paragraph 33.. v j
- . \

K




iy

22

33.7 Borderline soils. Coarse-pained soils containing betveen

5 and 12% material passing the No. 200 sieve. -are classed as borderline
and carry a dual symbol, e.g., GV-GM. ) Similar]y, coarse-grained soils
baving less than 5% passing the No. 200 sieve, but which are not free
':draining, or vherein the fine fraction exhibits plasticity, are also classed
as. burderline and are given a dual symbol.: Additional discussion of border-

line classification.is presented in paragraphs 38-A41.

Identification of sub~
groups, fine-gained soils

e 0~ 3%.. Use of plasticity chart. Once the identity of a fine-grained

s’,oil has been established, further identification is accomplished prin-
cipally by .the liquid and pla'stic limits tests in conJunction with the

", pIasticity chart .(plate 2).,3 The plasticity chart waa developed by Dr.

| Casagrande as the result of considerable experience with the behavior of
soils in many different regions.l It is a plot of liquid 1imit versus plas-
ﬂ,city index on vhich 18 imposed: a diagonal line called the A" line end a
vertical line at a liquid limit of 50.. The ;‘A" line is defined by the
equa.tion PI = 0.73 (LI;-20) The "A” line abxve a liquid limit of about

29 represents an important empirical boundarv between typical inorganic
clays (CL and CH), which are generally locat=d above the line," and plastic
soils containing organic colloids (OL and OH) or inorganic silty soils (ML
and ME) The vertical line at liquid limit of 50 separates silts and
clays of low liquid 1limit (L) i‘_rom those of high 1liquid limit (H). In

the low part of the chart below a A quid limit of about 29 and in the.
ra.nge oi’ PI f‘rom h to 7 there is. considerable overlapping of the prOper- :

ties of the cleyey and silty soil types. Hence, the separation between

Ritd ‘
R : AR
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1

" CL and OL or ML soil types in this region is accomplished by a cross-hatched

zome, on the plasticity chart between b and 7 PT and sbove the "A" line.

CL soils in this region are those having a PI above 7 while OL or ML soils

ere ‘those having a PI below 4. Soils 'nlotting within the cross-hatched

zone should be__classed as borderline as discussed later. The.various soil

groups are shown: inttheir_resj:ecti've positions on the pla.sticity chart.

' Ebcperienc’é‘ has'-showvn that compressibility is approximately proportional to

liquid limit and that soils having the same liquid limit possess approxi-

mately equal compressibility, a.ssuming tha.t other factors are essentially

. the . same ..on. comparing the physical characteristics of soils having the .

same liquid limit, ome f‘inds that with increasing plasticity index, the ~

cohesive characteristics increa.se and the permeability deci-ea.ses. From

1"'.';.plots of 'the {esults ofr limits tests on a number of samples from the . :
‘same- fine—grained deposit, it is found that for most soils these points "

lie on a straight line or in a narrow band a.pproximately parallel to ,

... ..the "A" linei With this: background information in. mind :the identifica-~; .. .. . . .

" tion’ of the various groups of fine-gra.ined soils is discussed in the

following pm-ayaphs _ N _
‘ )‘35,,; ML, CL, and OL groups. A soil baving & liquid limit of less

than 50 falls into the low liquid limit (L) group. A plot of the liquid

limit and’ plasticity index on the plasticity chart will show whetber it . .

} falls above or below the "A"«- line and. cross-hatched zone. Soils plotting
'above the “A" line and cn'oss-hatched zope are classed as CL and are usually
Atypical inorganic clays (plate 8, fig.1).° Soils plotting below the "A"

‘w"flline or cross-hatched zone are inorganic silts or very fine sandy silts,

a ML (plate 7, fig. l), or organic silts or organic silt-clays oi‘ low
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plasticity, '6L (plate 9, fig. 1). - Since two groups fall below the "A" line
oxj cross-tge.tched zone, further identificatioxi is necessary. The distin- -
goishing factor between the ML and OL groups iS' the absence or presence
of:,'orga.nic matter. This is usually identified by color and odor as

expleiried in thepu'ecedixrigr pa.ragraphs und.er rfieid identification. How-

eirer, in doubtful cases a ‘comparison may be' made between the liquid and
plastic limits of a moist sample and one that has been oven-dried. An
organic soil will fsliow a radical d.roP in plasticity after oven-drying

or air-drying. An inorganic soil will generally show a change in the:
ei.;,im;its..;values ofonly i.or.-.2$ :which .may.be. either. an increase or a decrease.
E‘or the fo'regoing-'reasons-the classification should be based on the plot.
o7f limits values determined before drying. . ‘Soils containin'g organic matter

generally have lo:_@r specific graa;ities a.nd. may have, decidedly higher water

contents than inorga.nic soils; therefore, these properties may be of assist-

ance in identifying organic soils. In special cases, the determination of
l’

: &rga.nic content may be. made by chemical methods, but the procedures Just
described are usually sufficient. T e

36. MH, CH, end OF groups: Soils with a liquid lirdt greater than

50 are Cl&SSEdi in group H. To identify sucp eoileé the liqt;id ligit
end plasticity index values are plotted on the plasticity chart. | If the
pi)ints fall above the "A" line,» the soil claesifies as CH; if i‘t falls
below the "A" line, a determination is. made as to whether or not organic
material is present, as d.escribed in the preceding paragraph.. Inorganic
materials are classed as MH and orga.nic materia.ls are classed as OH. .
Identification of highly orgenic soils. , ey

13

37 I.ittle more can be said as to the laboratory identification of '

g
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highly 'or_ganic": soils (Pt) than has been stated previously under field
identification. These:‘?}soils ‘are usually identified readily on the basis

of color, texture, and odor. Moisture determinations usually show a

g

natural water content of several hundred per cent, which is far in ex-
: cess of that found for mst soils. Specific gravities of the solids in *
‘ these soils may be quite 1ow. Some peaty soils can be remolded and *
tested for liquid ‘and pla.stic lin:l.ts. : Suchmaterials usually have a-
liquid limit of several hundred per cent and fall well below the "A"
line on the plasticity chart. '

: Borderline classifications,:... e S i NS IR .

oy

38. It is inevitable in the use of the classification system that E;
" soils will be encountered that fall close to 'the boundaries established “
5 between the \{arious groups. ,aIn addition, ’boundary zones for the a.mount
of material passing the No. 200 sieve and for the lower part of the A

pla.sticity chart have been incorporated as’ a part of the system, as ’“

S discussed subsequently The’ accepted rule’ in’f"classifying borderhne
soils:is to use.a double" symbol, for example, GW—GM. It’is possible,
in rare instances, for a :soil to fall into more than one borderline zone

and, if appropriate symbols were used for each possible classification,

E the result would be a multiple designation consisting ‘of three or wore

symbols.' This approach is unnecessarily complicated and it is considered

F I " best to use on:Ly & double symbol in these cases, selecting the two that -

are believed most representative of the probable behavior of the soil.”
T Im cases of doubt the symbols representing the poorer of the possible
.;'groupings should ve used..__ o I

39, Coarse-grained soils. It will be recalled that in previous

-_4,' .. : . . - -
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discussions (paregraph 31) the coarse-gra.ined soils were classified in

the G¥W, GP, SW, and SP groups if they contained less tban 5% of material
passing the No. 200 sieve. Similarly, soils yere classified in the GM,

GC, SM, and SC groups if they had more than 12% passing the No. 200 sieve
(paragraph 32).  The range between 5 and 12$ passing the No. 200 seive is |
designated as borderline, and soils falling within it are assigned a double
symbol depen&ihg on both. ,the gr;adation characteristics.of the-coarse
‘fraction and the plasticity characteristics of the minus No. 40 sieve
fraction. For example, a well-graded sandy soil with 8% passing the No.
300 sieve. and vith LL.= .28 and PI = 9 would be designated as SW-SC.

Another type of borderline classification occurs for those soils containing
appreciable amounts of i‘ines, sroups GM, GC, SM, and sC, and wvhose
Atterberg limits values -_plot 1&“ the lover pprtion of the plasticity chart.
The method of classifying these soils 1is the same as for fine-grained

soils plotting in the same region, as presented in the following paragraph.

“c.”

ho. Fine-grained soils. ' Mention has been made of a zone on the

«plasticity chart (plate 2) belov a liquid glimit of about 29 and ranging
between plasticity index values of 4 and 7. Several soil types exhibiting
low plasticity plot in this general region on the plasticity chart and no

' glefinite boundary between silty and clayey soils exists. 'l'hus, if a fine-
-grained soil, groups CL and MI., or the minus No. ko sieve fraction of a
fcoarse-g'ained soil, groups GM, GC, SM, and SC, plots vithin the cross- _
hatched zone on the plasticity chart, a double symbol (ML-CL, etc.) is used.

Q ~ b1, "silty" and "clayey." It will be moted on the classification

sheet, tahle 1, that the adJectives "silty" and "clayey may be used as

_part of the descriptive ‘name for silt or clay soils. Since the‘

r-.‘

oS
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definitions of these terms are now-somewhat different from those used by
many soils engineers, it is considered advisable to discuss their connota-
tion as used in'this system. "In the unified soil classification the terms

"silt" and "c].ay" are used. to describe those soils with Atterberg limits

. plotting respective]y below and above the "A" line and cross-hatched zZone

on the plasticity chart As a logica.l extension of this concept the terms_,_
"silty" and "clayey" may be used as adjectives in the soil names when the
limits values plot close to the "A" line. For example, a clay soil with

IL = ko snd PI = 16 may be celled a silty clay. In general, the adjective .

- "silty" is not. applied to clay soils ha:ving a liquid limit in excess of .

about 60. B ST . i-’";

. S
: d
H i

42. It may be'mecessary, in some cases, to expand the unified clas- }

* sification system by subdivision of:existing groups in:order.to.classify ... . ... . .

soils for a ps'LrticuIar use. The indiscriminate use of subdivisions is -

'discourased and ca.reful study should be given any soil group before such

. a step is ad.opted. : In all cases subdivisions should be designated mwef- -

erably by a suffi.x to an existing group symbol. The suffix should be -
selected carefully g0 that there will be no confusion with existing let-
ters that already have meanings in the classification system. In each

case where an exsting group 1s subdivided, the basis and criteria for

' . the subdivision should. be explained in order that anyone unfamiliar with

itmaymderstandthesubdivisionproperly R

U
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L Descriptive Soil Classification

. L3, At many stages in the soils investigation of a project_ -

from the preliminary boring log to the final report -- the engineer

finds it convenient: to give the soils he:is working with & "neame" rather
than an "impersonal™ classification symbol such as GC. This results .

- primarily from the fact that he:is accustomed to talking in tems of
gravels, sands, silts, and clays, and finds it only logical to use these
same names in presenting the data'. .The s0il names have been associated
._;with certain grain sizes in the textural classification as shown on the
grain-size chart, plate l. Such a division is generally feasible for

the coarse-grained solls; hovever, the use. of such terms as silt and

X

cl’ay may be entirely misleading on: a textura] basis. For this reason .

IR i . Ka T ;é i

the terms silt" ‘and "clay" have been defined on a plasticity basis as

discussed previously. Within a, given region =of the country, use of a

1

%

ngme classification based on texture is often feasible since the general

_behavior of similar soils is consistent pver the area. However, in
"& . . i ‘G"

'~

another area the same classification may be ertirely inadequate. The
descriptive classification, if used intelligen .ly, has a rightful place
in soil mechanics, but its ‘use should bve. caremlly evaluated by all
concerned.

5_ B

Description from classification sheet

L4, Column 4 of the classification sheet, teble 1, lists typical
names given the soil types usually found vithin the various classification
groups.. .By following either the field or laboratory investigation pro-

cedure and detemining the proper classification group in which the soil

w-..A _ ."... ’k ‘,6 .‘}' i




® o ?
: belongs, it is usually an easy mat_t_e'r to select an appropriate neme from
:;-’ the classification sheet. Some soils mey be readily: identiiied and prop-

erly named by only visua.l inspection. A vord of caution is considered

appropriate on the use of the classii’ication system for certain soils

such as marls ) caliches, coral, shale » etc., where the grain size can

'.vary widely depending on the amount of mechanical breakdown of soil par- .
‘ticles. For these soils the group symbol end.textural name have little
significance and the locally used name may be important;

Other descriptive terms

45, Records of field explorations in. the form.of boring .logs can .
' be of great benefit to the engineer if they include adequate information.

In addition to the group symhol and the name of the soil the general

characteristics of: the soilswas to plasticity, strength, moisture, etc.,

* i F

provide. information essential to & proper analysis of a particular Pprob-

1emr Locally accepted. soil names should. also be used to clarify the

. g,‘» E 4"~. 'f'f"\;ﬁ:“ < ¥ 1

data to'local bidders; ; and to protect the Govermnent against later legali‘."."
claims, For coarse-grained soils, the size of particles s mineralogical
composition, shape of .grains, and character of the binder are relevant
features. N For fine-grained soils » strength moisture, and plasticity
characteristics are important.' V{hen describing undisturbed soils such
characteristics as stratification, , structure, ’ consistency in the undis-
' .turbed and remolded states ) cementation, drainage , etc., are pertinent .
- to the descriptive classification. Pertinent items to be used in de-
| scri‘bing soils are shown in column 6 of table l In order to achieve
Auniformity in estimating consistency of soils . it is recommended that

§

. -j_" SR : _the Terzaghi classification based on unconfined compressive strength be




30

used as.a tentative atanda.rd. Th:ls classifica.tion is given below:

“*f ‘ Unconfined Compressive Strength o
& Tons/Sq Ft S Consistency
<025 . ¢ ; Very soft
0.50-1.00 Mediwm
1.00-2.00 seare "
2.00-4.00 R “ Yery stife
> k.00 A Hard _
__:'Several example_s of descriptive ciassifications are shown below:
%.‘ ) a. Uniform, fine, clean sand with-rounded grains 14500 IRESTECEEIEER I
; ' b. Well-graded _éravelly silty ‘satli.d, angular chert gravel, |
= 1/2-in. maximum size; silty binder with low plasticity,
;L well-compacted and moist (sM). | ‘.
SRR - Light ‘bréwm” fine, sandy silt‘*" very Iow pla'sticity, satu-

‘rated and soft in the undisturbed state (ML)

d. Dark gray, fat clay, stiff in the undisturbed state; soft
| and sticky when’ remolded (CH).
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o UNIFIID S01% CIASSIFICATION
(locluding Idemtificatisn and Descr!ption)
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1aforest.or Required for
Describing Scils

ladoratery Classificatice
Criteria

” ry ry
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-EIGHLY ORGANIC SOILS ~

Fibrous texture, color, odor,
very high moisture content,
particles of vegetable mat-

504 or less pass !

COARSE GR/

e

L4 if tines interrere vith t‘ree draining properties use double symbol such as GH—GM, etc.

021260 -B

r-;_“ )

-5 |

ter (sticks, leaves, eto.) {Run sieve ar
GRAVEL (G) S
Greater percentage of coarse fraction
¢ . retained on No. L sieve
Less than 5% pess " | Between 5% and 12¢% More than 124 pass ¥
No. 200 sieve* pass No. 200 sieve No. 200 sieve
. ~....- .| |Borderlipe, to have... | | .- i - .
B '| double symbol appro- Run LL and PL on
size :ufv:m priate to grading and minus No. 4O sieve
) plasticity character- fraction
istics, e.g. GW-GM :
' " [Berow "s" 11ze or | [Limits plot in Above "A" line and
H:‘]i. a N:Z:i hatched zone on hatched zone on hatched zone on
& & plasticity chart plasticity chart plasticity chart &
o GP M GM-GC Ge
' Hote: Sieve sizes are U..S. Standa.rd. 535'°.‘i":.f.dui'°$py
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AUXILIARY IABORATORYNIDENTIFICATION4FROCEDURE

Make visual examination of 3611 to determine vhether it
is HIGHLY ORGANIC, COARSE GRAINED, OR FINE GRAINED. Ia
borderline cases determine amount passing No. 200 sieve,

|

RSE GRAINED : .

pass No. 200 slev;e

ieve

a.nalysAis

o

~ sawp () - . :
Creater percentage of coarse fraction 3
i pass No. L sieve
P A ‘ :
N | : . . , Below "A" 1
» |Less than 5% pass Between 5% and 124 More than 12¢% pass hatched zon
: ' No. 200 sieve* pass No. ?00 sieve No. 200 sieve plasticity
g | | l T
" S Borderline, to have ’ S
- t double symbol appro- Run LL and PL on Color, odor,
: E::.::n: ux-srv:m priate to grading and minus No. 4O sieve H LL and PL on
plasticity character- fraction soil
istics, e.g. SW-SM
well Poorly Below "A" line or Limits plot ia Above "A" line and
.| graded graded . |hatched zone on hatched zone on hatched zone on Organic
N plasticity chart plasticity chart plasticity chart
SW - SP SM SM-SC - sC oL
Reproduced from N
b:; available copy. ’ i
) 5 tes W N ‘59» B J




FINE GRAINED
More than 50% pass No. 200 sieve
Run LL and PL on mimus No. 40O sieve
material
L " B :
Liquid limit less than Liquid limit greater than
. 50 50 :
Y 5 . f‘;" \' e 2. ;
=lov "A" line or Limits plot in Above "A" line and| | Below "A" line. Above "A" line
atched zone on hatched zone on hatched zone on on plasticity on plasticity
7 lasticity chart - plasticity chart plasticity chart chart chart
or, odor, possidbly : Color, odor, possidbly
» and PL on oven dry LL and PL on ‘oven dry
’ soil soil
‘:"frganic Inorganic| - Inorganic| | Organic
oL ML ML-CL’ - CL MH OH cH
L - : Reproduced from
o I best available copy. ‘
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UNIFIED SOIL CLASSIFICATION SYSTEM

APPENDIX A

. g CHARACTEﬁlSTICS OF SOIL GROUPS PERTAINING TO

. EMBANKMENTS AND FOUNDATIONS

1. The major properties of a soil proposed for use in an embank-

ment or foundation that are of concern to the design or construction '

o engineer'are=its‘strength;hpermeability,-and consolidation‘and-compaction"~~:~‘“*

characteristics. Other'features may be investigated for a specific probl

~lem, but in general some or all of the properties mentioned sbove are of

: primary importance in an earth embankment or foundation project of any.

magnitude. It is common practice to eValuate the properties of the soils
in question by}means of laboratory»or field tests and to use the results
of such tests as a.basi; for desién and construction. The factors that
influence strengtn, consolidation, and other characteristics are numerous.“
and some ot them are notvcompletely understood}'consequently, it is im-

o\

practical to?evaluatextnese}features by means of a general soils clas-
sification.‘t;ovever, the soil groups in a given classification do have
reasonably similar behavior characteristics, and while such information
is not sufficient for design purp0ses, it will 3ive the engineer an indi-
cation of the behavior of a soil when used as a component in construction.

This is especially true in the preliminary examination for a. project when

neither time nor money for a. detailed soils testing program is available.‘

; 2 It should be borne in mind by engineers u51ng the classification L

Al
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that only generalized characteristics of the soil groups ‘are included
therein, and they should be used primarily as 8 guide and not as the com-

plete answer to a problem. For example, it is possible to design and

construct an earth embankment of almost any type of soil and upon prac-

'tically any foundation, ‘this is in accordance ;ith the worth-while prin-
ciple of utilizing the materials available for construction. However, .
when a choice of materials.is possidble, certain of thebavailablessoils
may be better suited to the job than others. It 1s on this basis that

the.behavior characteristics of,soils are presented in the following para-

,gaapha .and on .the. .classification, sheet. The -use .ta. which a‘structure is_,;p...”

to be put is often the principal deciding factor in the selection of soil
types as vell as the'type of protective measures that vill be utilized.
Since each structure is [} special problem within itself, it is impossible

to cover all possible considerations in the brief description of perti-

A bt
)

nent soil characteristics contained in this appendix.

Features Shown'on Soils Classification Sheet

L e
RPN '. . “

W

3. General characteristics of the soil groups pertinent to em-
bankments and foundations are presented in table Al. Columns 1l through

5 of the table show major soil divisions, group symbols, and hatching
#
and color symbols, names- of soil types are. given in column 6. The basic

Y
iz

features are the same as those presented in the ‘'soils classification
manual. Colums 7 through 12 show the following: colum 7, suitability-
of the materials for use in embankments (strength and permeability char-
acteristics); column 8, the minimum or range of permeability values to

be expected for the soil groups, columns 9 and 10, general.compaction

weds “z'v e - L2y
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' 'all of the materials are suitable for use in the pervious sections of

' earth embankments. Poorly-graded sands (SP) may be more difficult to

A3

characteristics, column 11, the suitability of the soils for foundations

(strength and consolidation), and column l2, the requirements for seep-

" age control, especially when the soils are encountered in the foundation.

for earth embankments (permeability) Brief discussions of these fea-

tures are presented in the following paragraphs.

Suitability of soils for embankments

h." Three major factors that influence the suitability of soils:
for use in embankments are permeability, strength and ease of compac-
tion. The gravelly and sandy soils with little or no fines, groups GW,

GP, SW, and SP,:are stable, pervious, and attain good compaction with

¢

crawler-type tractors and rubber-tired rollers. The poorly-graded mate-

rials may not be quite as desirable as those which are well graded but

.>: st

utilize and in general, should have flatter embankment slopes than the
sW soils._ The gravels and sands with fines, groups G, GC, SM, and SC,
have variaole characteristics depending on the nature of the fine frac-

tion and the gradation of the entire sample. These materials are often

' sufficiently impervious and stable to be used ‘for impervious sections of

embankments.- The soils in these groups should be carefully examined to

: insure that they are properly zoned with relation to other materials in

an embankment. Of the fine-grained soils, the CL group is best adapted
for embankment construction, the soils are impervious, fairly stable,

and give fair to good compaction with a sheepsfoot roller or rubber-

: tired roller. The MH soils, vhile not desirable for rolled-fill construc-

.(.

75 T

9'Ition, may be utilized in the core: of hydraulic-fill structures. Soils of .
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the ML group may or msy not have good compaction characteristics, and in
general must be closely controlled in the field to gecure the dasired
strength. CH soils have fair stability vhen used on flat slopes but

have detrimrental shrinkag° characteristics which mny necessitate blan-

keting them or incorporating “them in thin interior cores of embankments.

Soils containing organic matter, groups OL, OH, and Pt, are not commonly

. used for embankment construction because of:theidetrimental effects: of e
the organic matter present..‘Such materials may often be utilized to.ad-
ventage in blankets and stability berms where strength is not of impor-.
f.tance..u

Permeability and seepage control

5' 5. Since the permeability (column 8) and requirements for seepage
control (column lzl‘are essentiallylfunctions-of the.same property of a
soil, they will be discussed Jointly. The subject of.seepage in rela-
tion to embankments and foundations may be roughly divided into three
,c;tegories' (l) seepage through embankments, (2) seepage through founda-
tions, and (3) control of uplift pressures. These are discussed in re-

lation to the soil groups. in the following paragraphs.

6. Seepage through embankments. .In the control of seepage through

'embankments, it 1s the relative permeability of adJacent materials rathcr

than the actual permeability of such soils that governs their use in a
t
given location. An earth embankment is not watertight and the allowable

i.

quantity of seepage through it is largely governed by the use to which

the structure is put, for example, in a flood-control proJect consider-
:ﬁ\

able seepage may be allowed and’ the structure will still fulfill the stor-

oo 9

age requirements, vhereas for an irrigation proJect much less seepage is

Yot R S L 5 _,L"f bl L3 <1 i i
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allovable because pool levels must be maintained.’ The more imperyious

soils (GM, GC, SM, SC, CL, MH, and CH) may be used in core sections or in

. homogeneous embankments to retard the flow of water.: Where it is impor-
a tant that seepage not emerge on the downstream slope or the possibility

.of drawdown exists on upstream slopes, more pervious materials are usual-

ly placed on the outer slopes. The coarse-grained, free-draining soils

(GW GP, SW, SP) are best suited for this purpose. Where a variety of

‘materials is available they are usually graded from least pervious to

more pervious from the center of the embankment outward. Care should be

_used in the arrangement of materials in the embankment to prevent piping-

123

within the’ section. The foregoing statements do not preclude the use of "

other arrangements of materials in embankments. ﬁams have'been con-

-8 o

‘ structed successf‘ully entirely of sand (sw, SP, sm) or of silt (ML) with

the section made large enough to reduce seepage to an allowable value

without the use of an impervious core. Coarse-grained soils are often
used in drains and toe sections to collect seepage water in downstream
sections of embankments. The soils used will depend largely upon the"

material that they drain, in general free-draining sands (SW, SP) or

. gravels (GW GP) are preferred but a silty sand (SM) may effectively

B drain a clay (CL, CH) and be entirely satisfactory.

-7. Seepage through foundations. As in the cese of embankments,

the use of the structure involved often determines the amount of seepagelp‘
‘ control necessary in foundations. Cases could be. cited where the flow -
' of water through a pervious foundation would not constitute an excessive

¥ water loss and no seepage control measures would be necessary if adequate

!

provisions were made against piping in criticnl areas., If_seepage control
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is- desired, then the more pervious soils are the soils in which necessary
me;sures must be taken. Free-draining gravels (GW, GP) are capable of
ca;rying considerable quantities of water,.and some means of positive

control such as a cutoff trench may be necessary. Clean sands (sw, SP)

—fmay be controlled By a cutoff or by an upstream impervious blanket.

While a drainage trench at the downstream toe or a line of relief wells

will not reduce the amount'of seepage, either will serve to control seep- . v,
age and route the flow into“collector systems where it can be led away

harmlessly. Slightly less pervious material, such as silty gravels (cM),

,i_silty sands (SM), or. silts (ML), may require a minor amount of seepage

cgntrol such as that afforded by a toe trench, or if they are sufficient-

ly}impervious no control may be necessary The relatively impervious
soils (GC SC, CL,ioL, MH, CH and OH) usually pass such a small volume
of water that seepage control measures are: not necessary. '

gtﬁ 8. Control of uplift pressures. The problem of control of uplift

\

'psessures is directly associated with pervious foundation soils.. Uplift .

pressures may be reduced by lengthening the path of seepage (by a cutoff
or upstream blanket) or by measures for pressure relief in the form of
wells, drainage trenches, drainage blankets, or pervious downstream z
shells. Free-draining gravels (Gw, GP) may be treated by any of the
aforementioned procedures, however, - to obtain the desired pressure relief,
the use of a positive cutoff may be preferred, as blanket, well, or trench
installations would probably have to be too eztensive for economical ac-
complishment of the desired results. Free-draining sands (SW, 'SP) are
generally less permeable than the gravels and, consequently, the volume

of water that must be controlled for pressure relief is usually less.

B : .g v
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Therefore a positive cutoff maj'not‘be required and an upstream blanket,
wells, or a toe trench may be entirely effective. In some cases & com-
bination of blanket and trench or wells may be desirable. Silty soils --

silty gravels (GM), silty sands (SM), and silts (ML) -- usually do not

' require extensive treatment, a toe drainage trench or well system may be

A sufficient to reduce uplift pressures. The more impervious silty mate-

f.
rials may hot be permeablc enough to permit dangerous uplift pressures
to develop and in such cases no treatment is indicated. In general the

more impervious soils (GC SC CL OL ME, CH, and OH) require no treat-

ment for control of uplift pressures. However, they do assume impor-

. ‘tance when they occur as a relatively-thin top stratum over<more pervious

'Jmaterials.,vln such cases uplift pressures in the lower layers acting on

x"f;; g.

the base of the impervious top stratum can cause’ heaving and formation of ;

boils; treatment of the lower layer by some of the methods mentioned .

- above. 1s usually indicated in these cases. It is emphasized that, con-:

trol of.uplift pressures should not be applied indiscriminately just be-

cause certain ‘types of soils are encountered. Rather, the use of control

"measures should be based upon a careful evaluation of conditions that do

or can exist and an economical solution reached that will accomplish }
the desired results.

Compaction characteristics'

9. In columm 9 of the table are shown:the general compaction char-
acteristics of the various soil groups.‘ The evaluations given and the

equipment listed are based on average field conditions where proper

?:moisture control and thickness of lift are attained and a reasonable ‘num-

. ber of passes of the compaction equipment is required to secure the
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desired density. For 1lift construction of embankments,lthe sheepsfoot

roller and rubber-tired roller are‘commonly used pieces of equipment.

Sore andvantages may be claimed for the sheepsfoot roller in that it

‘leaves a rough surface that affords better bond between lifts, and it 7

xneads the soil thus affording better moisture distribution. Rubber-
tired equipment referred to in the table s considered to be heavily
loaded compactors or earth-moving equipment with: & minimum wheel load of
15 000 1b, If ordinary wobble-uheel.rollers are used for compaction,
the thickness of compacted 1lift is usually reduced to about 2 in. Gran-
ular soila with. little or.no fines generally .show good compaction char-
acteristics, vith the well-graded materials, GW and SW, usually furnish-

ing better results than the poorly-graded solls, GP and SP. The sandy -

soils in most cases are best compacted.by cravler-type tractors, on the

gravelly materials rubber-tired equipment and sometimes steel-wheel rollers

arenalso effective. Coarse-grained s0ils with fines of low plasticity,

groups GM and SM, show good compaction characteristics with either sheeps-

foot rollers or rubber-tired equipment; however, the range of moisture
contents for effective compaction may be Very narrow, and close moisture
control 1is desirable. This is also generally true of the silty soils in
the ML group. Soils of the ML group may be compacted with rubber-tired
;guipment or with sheepsfoot rollers. Gravels and sands with plastie -
f?nes, groups»dc and sc; show fair'compaction characteristics, although
this quality may vary somewhat with the character and amount of fines;

rubber-tired or sheepsfoot rollers may be used. Sheepsfoot rollers are

&

generally used for comoacting fine-grained soils. The compaction char-

acteristics of such materials are variable -= lean clays and sandy clays

e s ¢ Ty ;"Z . . : S
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(CL) being the best, fat clays and lean organic cleys or silts (OL and CH)
fair to poor, and organic or micaceous soils (ME and OE) usually poor.
For most construction projects of any megnitudc it i: highly desirsble

tovinvestigate the compaction characteristics of the soil by means of a

field test.section., In column 10 of table Al are shown ranges of unit

B effort. It 1is emphasized that these values ere for guidance only and de-

sign or construction control should be based on laboratory test results.

| Suitability of soils for foundations

10. Suitability of soils for foundations of embankments or struc-

tures is primarily dependent on the strength and consolidation character-

g 'istics of the subsoils Here again the type of structure and its use

., 'l

will largely govern the adaptability of a soil es a satisfactory founda-

tion. For embankments, large settlemsnts may oe allowed and compensated

.for by overbuilding, whereas the allowable settlement of structures such "

as control tovers, etc., may be small in order to prevent overstreSSing
the concrete or steel of which they are built, or because of the neces-
sity for adhering to established grades. Therefore a soil may be entire-

ly satisfactory for one type of construction but may require special

treatment for  other types. Strength and settlement characteristics of

soils are dependent uponha number of_variablcs, ‘such as structure, in-

~ place density, moisture content cycles of loading in their geologic his-

tory, etc., which are not readily evaluated by a classification system

- dry weight of the soil groups for the standard AASHO (Proctor) compactive :

.-

such as used here For these reasons: only very general statements can bel '

) made as to the suitability of the various soil types as foundations, this

~1is especially true for fine grained soils. In general the gravels and
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gravelly soils (GW, GP, GM, GC) have good bearing capacity and undergo
little consolidation under load. Well-graded sands (SW) usually have a
good bearing value, Poorly-graded sands and silty sands (sP, SM) may
exhibit variable bearing capacity depending on their density; this is_
'true to some extent for all the coarse-grained soils but is especially
critical for uniformly graded soils of the SP and SM groups. Such soils
when saturated may become "quick" and present an additional construction
problem. Soils of the ML group may be subJect to liquefaction and may
have poor bearing capacity, particularly where heavy structure loads are
--involved.uAOf.the“fine-grained,soils,uthe.CL 5roupuis“probab1y”the.besth,._
from'a.foundation standpoint, dbut in'some cases the solls may be soft
aniiwet:and exhibit poor bearing capacity and'fairly-largeksettlements -
uﬁﬁer loadJ& Soils of:the=MH*éroups and normally;consolidatéd CH soils
may show poor bearing capacity and large settlements. Organic‘soils, OL.
and. OH, have poor bearing capacity and usually exhibit large settlement
un%er 1oad..,For}most of .the fine-grained soilsjdiscussed above, the type;
offstructure foundation selected 1is governed'by such factors as.the bear-
ing capacity of the s0ill and the magnitude of the load. It is possible
that simple spread footings might be adequate to carry the load without
excessive settlement in many cases. If the s0ils are poor and structure
loads are relatively heavy, then alternate methods are indicated. Pile
foundations may be necessary in some cases and in special instances, par-
ticularly in the case of some CH and OH soils, it may be desirable and
economically feasible to remove such soils from the foundation. Highly

organic soils, Pt, generally are very poor foundation materials. These '

may be capable of carrying very light loads but in general are unsuited
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for most construction purposes. If highly organic soils occur in the-

foundation, they may be removed if limited in extent, they may be dis-
'placed by dumping firmer:soils on top, or piling nay be driven through

| :tnem to a‘strongerllayer; proper treatment will depend upon the structure

"involved;v

Graphical Presentation of Soils Data

11, It is customary to present the results of soils explorations
on drawings or plans as schematic representations of the borings or test
| pits with the soils encountered shown by various symbols. Commonly used
hatching symbols are small irregular round symbols for gravel, dots for
sand, vertical lines for silts, and diagonal lines for clays. Combina-
tions of these synbols represent ‘various combinations of materials found
in the explorations. This system has been adapted to the various soil
... groups in the.unified.soil classification system and the appropriate sym- -
bols are shown in column>h of table Al. As sn alternative to the hatch-
ing'symbols, they may be omitted and the appropriate group letter symbol
(CL, etc ) written in the boring log. In addition to tne symbols on logs
of borings, the effective size, Dlo (grain size in mm corresponding to
10 per cent finer by weight), ‘of coarse-grained soils and the natural
water content of fine-grained soils should be shown by the side of the
log. Other descriptive abbreviations may be used as deemed appropriate.
' ln certain special:instances.the use of color to delineate soil types on
maps‘and draving;‘is'desirable.ﬁ Alsnégested color scheme to show the.-u

~ major soil groups is described in columnvs of table Al.
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& CRARACTENISTICS PIRTINENY 10 DMBANOGNTS AXD PONTATIONS
Symbol .- Rermeadility Untt Dry Veight Value for Requireneats far
[ Pivistoas Latter I'pocning | Color Nane N Value for Dmbankments Cn Per Sec Cospaction Characteristica rer " Poundstions Seepage Contps)
1 {2) ) ) {3) (6) a {8) (9 o (12)
o Vell.graded gravels or gravel-ssnd Very stadle, pervious aheile > 107 Qood, tractor, rudder-tired, - 123133 Good bearing value Fositive ewtoff
siztures, little or so fines of dikes and dama steel-vheeled roller .
vt ar Poorly-graded gravels or gravel-ssnd [Reasonably stable, pervious x> lo" Good, traetor, rubber-tired, 115123 Good besring velue Positive cuteff
AND siztures, little or no fines shalle of dikes and dems steel-vheeled roller
CRAVELLY [} sticy punh, ycnl ~sand-ailt wix- |Pesscnably stable, 8Ot particu- ke 10) Good, with close control, 1204135 | Good bearing velue To® trench te some
. tures larly euited to shells, tut may to 10 rubber-tired, sheepsfoot
- 20118 be uoed for Inwrvlmu cores or roller
bisnkets N
’ ac s Clayey gravels, gravel. unbclq Fafrly stadie, may be und for ke wj Fatr, rubber-tired, shaspefoolr 113-3%0 Gocd bearing vsiuve None
COARSSE slxtures fapervious core to 10 roller
CRATRED ] Well-graded sands or gravelly sands, Very steble, pervious sections, "> ed Good, tractor B 110-130 Good bearing velue Upsiresm blenket aod
sor18 l1ittie or no fines slope protection required . tos &reinege or wells
. . » 1 - Poorlyegraded sands or gravelly. Ressonably stable, may be used x> 107} Good, tractor e 100-120 Good to poor bearing JUpstreas Slanket and
. . sands, little oF 0o Cines in dike section with Flst stopea . value depending on tos draloage or wile
. : SAKD . . Bens)ty
L -] S1lty sends, sand-etlt mixtures Falrly stabie, not particularly xe lo:z 0004, with cloae control, 310-12% Good to poor besring {Upstreas dlecket sad
. . sslted to ehmlls, byt may be 30 10 rubber-tired, shespafoot . vealue depending oa toe drainsge or wlls
SANDY used for impervicus cores or roller - density
. g atkes
ot g 5 :
. & » Clayey sands, sand-silt miztures Fairly stable, use f¢ jmpervious | k o xo:g Puir, sheepsfoot roller, . 105-325% Good t0 poor dearing lwone
: core for fluod controd to 10 rubdber tired value
v structures . .
eranic l“\s ﬁ very ﬁm ﬁ-, -3
foor stubliity, muy de used for X = 30 Guod to pour, close coatrel 43-120 Very poor, suscepti- | Tos tremch to moae
stuts a o .’:‘,"‘:i_':“"‘;: frrind :::'_ eabankeents vith proper cuntrol 10 106 Jessentiol, rubber-tirea dle 10 liquefaction -
lasticity yey siive bt tuller, sheepsfoot roller E
et cL Inorcanle claye of lov to medlua Loy 1y jmparvicus cores and e 10 Irmir to goud, sheepatoot 93-120 G908 Lo poor bearsog | Booe
plasticity, gravelly clays, ssndy blanket. o 10-8 roil rubber tired
Clars clays, sllty cleys, lesn clays Lo oller, T tire
<30 oL Orgsnic stite and organic siit-clays |idot sultable for embackments xe 10 Fair to poor, erespsfoot 80-100 Tair to poor bearing, | None
rom of lov plasticity w 10'5 roller . aay have encessive
settlesents
baisiad a Inorganic silts, micacecus or Puor stability, core of hydraulic § k = m'“ Poor to very poor, sheepsfoot T0-95 Por bearing Nooe
018 siLrs dlatomacecus fine ssndy or silty 111 dam, not dulnhlo in rolled to 10 roller
. solle, elastic ollte 111 coastruction
A Y
. CR 5 Incrgantic clays of high plasticity,. [Fair stadility vith flat slopes, ke lo’g fair to poor, sheepafoot 75-105 Palr to poor bearing None
ClLAYS fat clays thin cores, biankels 3nd dike to 107 roller . .
/] sections
u.> s on ”/ Organic clays of medium to high ¥ot suitadle for esbankments ke lo" Foor to very poor, shespsfoot 6%-100 Very poor bearing None |
/ plaaticity, organtc stite to 10 rollsr
]
-
ATOKLY GROANIC 8OILS| Pt L’: i Peat and other highly orgsnic soils Mot uced for construction Compaction not practical Resove fram foundstions

Botes: 1.

Yalues Iu columns T and 11 are for gidsnce only.
2. In column 9, the equipment Hleted will usually ptodncc the desired densitics
3. Coluan W), untt dry velghte ere for compacted goil st optimum solsture

Dzsign shuuld be bascd on

teot resulty.
vith & ressonable m7bcr of

for 8 4

passes vheg molsture conditions and thickaness of 11ft are properly controlled.
4 Proctor) compsctive effort.
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- UNIFIED SOIL éIASSIFICAmION SYSTEM . .

- - APPENDIX B

" CHARACTERISTICS CF SOIL GROUPS FERTAINING TO |
ROADS AND AIRFIELDS

- Introduction

'l.- The propérties desired in so0ils for foundations_undér roads
and airfields and for base courses under flexible pavements are: ade-
quate strength,‘good compaction charactéristics; adequate drainage, re-
sistance to frost action in areas where frost is a factor, and acceptable
compression and expangion characteristics. .Certain of these properties,
if ipadequate in the soils available, may be supplied by propef construc-
tion methods. For instance, materials having good drainage characteristics
are desirable, but.ifr;uch materials-are not available locally, adequate
drainage'mayﬁbe obtained by installing a properly designed water collect-
ing system. Strength requirements for base course materials, to be used im-
mediafely under the pavement of & flexible pavement structure, are'high and
only good quality materials are acceptable. chevef, low-strengthslin
subgrade materials may be compensated for in many cases by increasing
the thickness of overlying concrete pavewent or of base materials in
flexible pavement construction. From the foregoing brief discussion, it
may be seen that the proper design of rocads and airfield pavements requires
' the evaluation 6f soil properties in moré deﬁail than is possible by use
of the general soils classifiéation system.  However, the grouping of
soils in the classification system is such that a géneral indication of
their behavior in réad and airfield construction may be cobtained.

Features Shown on Soils Classification Sheet

2. General characteristics of the soil groups pertinent to rcads
and airfields are presented in table Bl. Columns 1 through 5 show wajor
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soil divisions, group symbols, hatchinglcpd color sywbols; column 6 gives
vnaﬁes of soil types; column 7 evaluates the perforhance (strength) of the
soil groups when used as subgrade materials that will not be subject to
frost action; column 8 and column 9 make a similar evaluation for the -
'soils when used as subbase and base materials, potential frost action is
" shown in column 10; compressibility and expansion characteristics gre
ehown.in column 1l1; column 12 presents drainage characteristics; column
lé shows types of ccmpaction equipment that perform satisfactorily on
the various soil groups; column 14 shows ranges of unit dry weight for
compacted soils; column 15 gives ranges of typical California Bearicg
Ratio (CBR) values; and column 16 gives ranges of modulus of subgrade
reaction (k). The various features presented are discussed in the fol-
lowing .paragraphs,

Subdivision of
coarse-grained soil groups

3. It will bde noted in column 3, letter symbols, that the basic
soil groups, GM and SM, have each been .subdivided into- two groups desig-

nated by the suffixes d and u which have been chosen to represent desir-
able and less desirable (undesirable) base ﬁmterials, respectively. This
sybdivision applies to roads and airfields only and is based on field ob-
scrvation and laboratory tests on the behavior of the soils in these
groups. Basis for the subdivision is the liquid limit and plasticity
iﬁdex of the fraction of the soil passing the No. 40O sieve. The suffix
da is'used vhen the liquid limit is 25 or less and the plasticity index

is 5 or less; the suffix u is used otherwise. Typical symbols for soils
ip these groups are GMd and SMu, etc.

Values of soils as subgrade,
subbase, or base materials

4, The descriptions in columns 7, 8, and 9 give a general indica-
tion of the suitability of the soil groups for use as subgrades, subbase,
or base materials, provided they arce not subject to frost action. In
areas where frost heaving is a problem, the value of materials as sub-
grades or subbases will be reduced, depending on the potential frost
action of the material, as shown in column 10. Proper design procedures
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should be used in situations ﬂhere-this is a problem. .The_ooarseigrained
soils in éeneral are the best snbgrade, subbase, and base materials. .The
GW group has-excellent qualities as a subgrade and subbase, and is good
as base material. It 1is noted that the adjective "excellent" is not

used for any of the soils for base courses; it is considered that the

'adjective_"excellent“ should be used in referenceito a high dnality

processed crushed stone. 7Poorly-graded gravels and some'silty gravels,
groups GP and GMd, are usually only slightly less desirable as subgrade
or subbase materials, and under favorable conditions may be used as base

materials for certain conditions, however, poor gradation and other factors

sometimes reduce the valne of such soils to such extent that they offer
only moderate\strength and therefore their value as a base material is
less. The GMu, GC, and SW groups are reasonably good subgrade materials,
but are generally poor to not suitable as bases. - The SP and SMd soils
usually are considered fair to good subgrade and subbase materials but

.in general are. poor to not suitable for base materials. The SMu and SC
- soils are fair to poor subgrade and ‘subbase materials, and are not suit-

gble for base materials. The fine-grained soils range frcm fair to very'
poor subgrade materials as follows: silts and lean clays (ML and CL),
fair to poor; organic silts, lean organic clays, and micaceous or diato-
maceous soils (OL and ME), poor; fat clays and fat organic clays (CE and
OH), poor to very poor. These qualities are compensated for in flexible
pavement design by increasing the thickness of overlying base material,
and in rigid pavement design by increasing the pavement thickness or by
the addition of a base course layer. None of. the fine;grained'soils are
suitable as subbase or base materials.- The fibrous organic soils (group
Pt) are very poor subgrade materials and should be removed wherever pos-
sible; otherwise, special construction measures should be adopted. They
are not suitable as subbase ano base materials. The Califormia Bearing
Ratio (CER) values shown in column 15 give a relative indication of the
strength of the various s0il groups as used in flexible pavement design.
Similarly, values of subgrade modulus (k) in column 16 are relative in-
dicetions of strengths from plate-bearlng tests as used in rigid pavement

design. As these tests are used for the design of pavements, actual
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test values should be used for this purpose instead .of the approximate
values shown in the tabulation.

5. For wearing surfaces nn unsurfaced roads sand-clay-gravel mix-
tures (GC) are generally considered the most satisfactory. However, they
should not contain too large a percentage of fines and the plasticity in-r
~dex should be in the range of 5 to about 15. ’
Potential frost action
: 6. The relative effects of frost action on the various soil groups
are shown in column 10. Regardless of the frost susceptibility of the
various soil groups two conditions must be present simultaneously before

frost action will be a major consideration. These are a source of water
during the freezing period and a sufficient period for the freezing tem-
perature to penetrate the ground. Water necessary for the formation of
“ice lenses way become available from a high ground-water table, capillary
supply, vater held within the soil voids, or through infiltration. The
degree of ice formation that will occur in any given case is markedly in-
fluenced by environmental factors such as topographic position, stratifi-
cation of the parent soil, transitions into cut” sections, lateral flow
of water from side cuts, localized pockets of perched ground vater, and
drainage conditions. In general, the silts and fine silty sands are the
worst offenders as far as frost is concerned. Coarse-grained materials
with little or no fines are affected only slightly if at all. Clays (CL
and CH) are subject to frost action, but the loss of strength of such
materials may not be as great as for silty soils. Inorganic soils con-
taining less than three per cent of grains finer than 0.02 mm in diameter
ty weight are generally nonfrost-susceptible., Where frost-Susceptible
%oils are encountered in subgrades and frost is a definite problem, two
?aeceptable methods of design of pavements are available., Either a suf-
‘iicient depth of acceptable gnenular material is placed over the soils

to prevent freezing in the subgrade and thereby prevent the detrimental
effects of frost action, or a reduced depth of granular material is used,
“thereby allowing freezing in the subgrade, and design is based on the
reduced strength of the subgrade during the frost-melting period. In
nany cases appropriate drainage measures to prevent the accumulation of
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water in the soil pores uill help to diminish ice segregation in the sub-
grade and subbase.
" Compressibility and expansion '

. T. These charaeteristics of soils may be of two types 1nsofar as
their applicability to road and runvay design is concerned. The first
is the relatively long-term compression or consolidation under the dead
weight of the structure, and the second is the short-term ccmpression.
and rebound under moving wheel loads. The long-term consblidation of
soilé becomes a factor in design primarily when heavy fills are made on
compressible soils. If adequate provision is made for this type of
settlement during comstruction it will have little influence on the load-
carrying capacity of the pavement. However,‘when elastic soils subject

to compression and rebound under wheel load are encountered, adegquate
protection must be provided, as even small movements of this type soil
wmay be detrimental to the base and wearing course of paﬁements. It is
fortunate that the free-draining, coarse-greined soils (GW, GP, SW, and
SP), which in generaiimake_the best subgrade and subbase maferials, ex-
hibit almost no tendency toward high compressibility or éxpansion; In
general, the compressibility of soils increases with increasing liquid
limit. The foregoing is not ccupletely true, as compressibility is also
influenced by soil structure, grain shape, previous loading history, and
other factors that are not evaluated in the classification system. Un-
desirable compressibility or expansion characteristics may be reducea by.
distribution of load through a greater thickness of overlying material,
This, in general, is adequately handled by the CER method of design for
flexible pavements; however, rigid pavements may require:the addition of
an acceptable base course under the pavement.

Drainage characteristics -

8. The drainage characteristics of soils are a direct reflection
of their permeability. The evaluation of drainage characteristies for
use in roads and runways is shown in columnﬁlz. The presence of moisture

in base, subbase, and subgrade waterials, except for free-draining, coarse-

grained soils, may cause the development of pore water pressures and loss

of strength. The moisture may come from infiltration of rain water or by
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ca.pilla.ryv rise from an underlying water table. While freg-d.raining ma~
ter,ials -permit rapid draining of water, they permit rapid ingress of

wat;er also, and if such materials are-adjacent to less pervious materials -
and have free access fo wvater they may serve as reservoirs to saturaté

the less pervious materials. It is obvious, therefore, that in most in- -

stances adequate drainage-systems -should be provided. The gravelly and
sandy soils with little or no fines (groups GW, GP, SW, and SP) have ex-
cellent drainage characteristics. The @ and SMd groups have fair to
poor drainage characteristics, whereas the @u, GC, SMu, and SC groups
may be practically impervious. Soils of the ML, MH, and Pt groups have
fair to poor drainage characteristics. All of the other groups have poor
drainage characteristics or are practically impervious.

Compact:lon equipment )
9. The compaction of soils for roads and runways, especially for
the latter, requires that a high degree of demsity be attained at the
time of construction in order that detrimental consolidation will not
take place under traffic. In addition, the_zdetrimenta.l effects of water
are lessened in cé.ses where saturation or near saturation takes j)la.ce.
Processed materials, such as crushed rock, are often used as base course
and such materials require special treatment in compaction. Types of
co;npaction equipment that will usually produce the desired densities are
shéwn in column 13. It may be noted that several types of equipment are
listed for some of the soil groups; this is because variations in soil
type within a given group may require the use of different equipment.
In some cases more than one type of equipment may be nécessary to produce
the desired densities. Steel-wheeled rollers are recommended for angular
materials with limited amounts of fines, crawler-type tractors or rubber-
tired rollers for gravels and sands, and :shéepsfoot rollers for coarse- A
grﬁined or fine-grained soils haviné some cohesive qualities. Rubber-
tired rollers are also recommended for final compaction operations for
most soilé except those of high liquid l:lmif. (group H). Suggested mini-
mum weights of the various types of equipmént are shown in note 2 of the
table. In column 14 are shown ranges of unit dry weight for soils com-
pacted according to test method 100 (CE 55 campaction effort),
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MTII-STD-621A. These va.lues are included- prima.rily for gua.da.nce, des:.gn
or control of constructlon should be based on test results

Graphica.l Presentatien of Soils Data

lO; It is customary to present the results of soxls exploratlons
_on drawings as schematic representations of the borings or test pits or
on .soil profiles with the various soils encountered shown by appropriate
symbols. As one app'roach;' the group letter symbol (CL, etc.) may be
written in the appropriate section of the log. As an alternative, hatch-
ing symbols shown in column 4 of table Bl may be used. In addition, the
natural water content of fine-grained soils should be shown along the
side of the log. Other descriptive abbreviations may be used as deemed
- appropriate. In certain sjaeci&l instances the use of color to delineate
soil types on maps and drawings is desirable. A suggested color scheme
to show the major seoil groups is described in column 5 of table Bl.




| 45"’ Designation: D 422 - 63 (Reapproved 1972)¢’

Standard Method for
Particle-Size Analysis of Soils’

This standard is issued under the fixed designation D 422; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A aumber in parentheses indicates the year of last reapproval. A
superscript epsilon (¢) indicates an editorial change since the last revision or reapproval.

¢ NoTe—Section 2 was added editorially and subsequent sections renumbered in July 1984.

1. Scope

1.1 This method covers the quanmatxve determmauon of
the distribution of particle sizes in soils. The distribution of
particle sizes larger than 75 um (retained on the No. 200
sieve) is determined by sieving, while the distribution of
particle sizes smaller than 75 pm is determined by a
sedimentation process, using a hydrometer to secure the
necessary data (Notes 1 and 2).

NOTE 1—Separation may be made on the No. 4 (4.75-mm), No. 40
(425-um), or No. 200 (75-um) sieve instead of the No. 10. For whatever
sieve used, the size shall be indicated in the report.

Note 2—Two types of dispersion devices are provided: (1) a
high-speed mechanical stirrer, and (2) air dispersion. Extensive investi-
gations indicate that air-dispersion devices produce a more positive
dispersion of plastic soils below the 20-um size and appreciably less
degradation on all sizes when used with sandy soils. Because of the
definite advantages favoring air dispersion, its use is recommended. The
results from the two types of devices differ in magnitude, depending
upon soil type, leading to marked differences in particle size distribu-
tion, especially for sizes finer than 20 um.

2. Referenced Documents

2.1 ASTM Standards:

D421 Practice for Dry Preparation of Soil Samples for
Particle-Size Analysis and Determination of Soil
Constants®

E 1l Specxﬁcanon for ere-Cloth Sieves for Testing
Purposes®

E 100 Specification for ASTM Hydrometers*

3. Apparatus

3.1 Balances—A balance sensitive to 0.01 g for weighing
the material passing a No. 10 (2.00-mm) sieve, and a balance
sensitive t0 0.1 % of the mass of the sample to be weighed for
weighing the material retained on a No. 10 sieve.

3.2 Stirring Apparatus—Either apparatus A or B may be
used.

3.2.1 Apparatus A shall consist of a mechanically oper-
ated stirring device in which a suitably mounted electric
motor turns a vertical shaft at a speed of not less than 10 000
rom without load. The shaft shall be equipped with a

! This method is under the jurisdiction of ASTM Committee D-18 on Soil and
Rock and is the direct responsibility of Subcommittee D18.03 on Texture.
Plasticity, and Density Characteristics of Soils.

5 Current edition approved Nov. 21, 1963. Originally published 1935. Replaces
422 - 62,

2 Annual Book of ASTM Standards. Vol 04.08.

3 Annual Book of ASTM Standards. Vol 14.02,

* Annual Bovk of ASTM Standards. Vol 14.01.

87

replaceable stirring paddle made of metal, plastic, or hard
rubber, as shown in Fig. 1. The shaft shall be of such length
that the stirring paddle will operate not less than % in. (19.0
mm) nor more than 12 in. (38.1 mm) above the bottom of
the dispersion cup. A special dispersion cup conforming to
either of the designs shown in Fig. 2 shall be provided to hold
the sample while it is being dispersed. -

3.2.2 Apparatus B shall consist of an air-jet dispersion
cup® (Note 3) conforming to the general details shown in Fig.
3 (Notes 4 and 5).

Note 3—The amount of air required by an air-jet dispersion cup is
of the order of 2 ft*/min; some small air compressors are not capable of
supplying sufficient air to operate a cup.

NOTE 4—Another air-type dispersion device, known as a dispersion
tube, developed by Chu and Davidson at Iowa State College, has been
shown to give results equivalent to those sccured by the air-jet dispersion
cups. When it is used, soaking of the sample can be done in the
sedimentation cylinder, thus eliminating the need for transferring the
slurry. When the air-dispersion tube is used, it shall be so indicated in
the report.

NOTE 5—Water may condense in air lines when not in use. This
water must be removed, either by using a water trap on the air line, or by
blowing the water out of the line before using any of the air for

dispersion purposes.

3.3 Hydrometer—An ASTM hydrometer, graduated to
read in either specific gravity of the suspension or grams per
litre of suspension, and conforming to the requirements for
hydrometers 151H or 152H in Specifications E 100. Dimen-
sions of both hydrometers are the same, the scale being the
only item of difference.

3.4 Sedimentation Cylinder—A glass cylinder essentially
18 in. (457 mm) in height and 2% in. (63.5 mm) in diameter,
and marked for a volume of 1000 mL. The inside diameter
shall be such that the 1000-mL mark is 36 + 2 cm from the
bottom on the inside.

3.5 Thermometer—A thermometer accurate to I°F
(0.5°C).

3.6 Sieves—A series of sieves, of square-mesh woven-wire
cloth, conforming to the requirements of Specification E 11.
A full set of sieves includes the following (Note 6):

3 Detailed working drawings for this cup are available at a nominal cost from
the American Society for Testing and Materials, 1916 Race St.. Philadelphia. PA
19103. Ordéer Adjunct No. 12-404220-00.
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FIG. 1 Detail of Stirring Paddies
3in. (75-mm) No. 10 (2.00-mm) - . e
2in. (50-mm) No. 20 (850-um) po——J 25" dlhiom —— ——3 B dlom.——
1%-in. (37.5-mm) No. 40 (425-um) H :
1-in. (25.0-mm) No. 60 (250um) : '}
Yein. (19.0-mm) No. 140 (106-um) ’
%-in. (9.5-mm) No. 200 (75-um)

No. 4 (4.75-mm)

NOTE 6—A set of sieves giving uniform spacing of points for the
graph, as required in Section 17, may be used if desired. This set consists
f the following sieves:

3-in. (75-mm) No. 16 (1.18-mm)
1%-in, (37.5-mm) No. 30 (600-gm)
Ywin. (19.0-mm) No. 50 (300-um)
¥-in. (9.5-mm) No. 100 (150-um)
No. 4 (4.75-mm) No. 200 (75-um)
No. 8 (2.36-mm)

3.7 Water Bath or Constant-Temperature Room—A
water bath or constant-temperature room for maintaining
the soil suspension at a constant temperature during the
hydrometer analysis. A satisfactory water tank is an insulated

- tank that maintains the temperature of the suspension at a
convenient constant temperature at or near 68°F (20°C).
Such a device is illustrated in Fig. 4. In cases where the work
is performed in a room at an automatically controlled
constant temperature, the water bath is not necessary.

3.8 Beaker—A beaker of 250-mL capacity.

3.9 Timing Device—A watch or clock with a second
hand.

4. Dispersing Agent

4.1 A solution of sodium hexametaphosphate (sometimes
called sodium metaphosphate) shall be used in distilled or
demineralized water, at the rate of 40 g of sodium
hexametaphosphate/litre of solution (Note 7).

|

! Note 7-—Solutions of this salt. if acidic. slowly revert or hydrolyze

\ back to the orthophosphate form with a resultant decrease in dispersive
action. Solutions should be prepared frequently (at least once a month)

! adjusted 10 pH of 8 or 9 by means of sodium carbonate. Botties

| ntaining solutions should have the date of preparation marked on

hem.
\ 42 A" water used shall be either distilled or
| demineralized water. The water for a hydrometer test shall
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FIG. 2 Dispersion Cups of Apparatus

be brought to the temperature that is expected to prevail
during the hydrometer test. For example, if the sedimenta-
tion cylinder is to be placed in the water bath, the distilled or
demineralized water to be used shall be brought to the
temperature of the controlled water bath; or, if the sedimen-
tation cylinder is used in a room with controlled tempera--
ture, the water for the test shall be at the temperature of the
room. The basic temperature for the hydrometer test is 68°F
(20°C). Small variations of temperat